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CHAPTER  1 


INTRODUCTION 


The  Ada  implementation  described  above  was  tested  according  to  the 
Ada  Validation  Procedures  [Pro92]  against  the  Ada  Standard  [Ada83] 
using  the  current  Ada  Compiler  Validation  Capability  (ACVC) .  This 
Validation  Summary  Report  (VSR)  gives  an  account  of  the  testing  of 
this  Ada  implementation.  For  any  technical  terms  used  in  this 
report,  the  reader  is  referred  to  [Pro92].  A  detailed  description 
of  the  ACVC  may  be  found  in  the  current  ACVC  User's  Guide  [UG89]. 


1.1  USE  OF  THIS  VALIDATION  SUMMARY  REPORT 

Consistent  with  the  national  laws  of  the  originating  country,  the 
Ada  Certification  Body  may  make  full  and  free  public  disclosure  of 
this  report.  In  the  United  States,  this  is  provided  in  accordance 
with  the  "Freedom  of  Information  Act"  (5  U.S.C.  #552) .  The  results 
of  this  validation  apply  only  to  the  computers,  operating  systems, 
and  compiler  versions  identified  in  this  report. 

The  organizations  represented  on  the  signature  page  of  this  report 
do  not  represent  or  warrant  that  all  statements  set  forth  in  this 
report  are  accurate  and  complete,  or  that  the  subject 
implementation  has  no  nonconformities  to  the  Ada  standard  other 
than  those  presented.  Copies  of  this  report  are  available  to  the 
public  from  the  AVF  which  performed  this  validation  or  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  Virginia  22161 
U.S.A. 

Questions  regarding  this  report  or  the  validation  test  results 
should  be  directed  to  the  AVF  which  performed  this  validation  or 
to: 


Ada  Validation  Organization 

Computer  and  Software  Engineering  Division 

Institute  for  Defense  Analyses 

1801  North  Beauregard  Street 

Alexandria,  Virginia  22311-1772 

U.S.A. 
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1 . 2  REFERENCES 


[Ada83]  Reference  Manual _ for _ the  Ada  Programming  Language. 

ANSI/MIL-STD- 18 15A ,  February  1983  and  ISO  8652-1987. 

[Pro92]  Ada  Compiler  Validation  Procedures.  Version  3.1,  Ada  Joint 
Program  Office,  August  1992. 

[UG89]  Ada  Compiler  Validation  Capability  User*s  Guide.  21  June 
1989. 


1.3  ACVC  TEST  CLASSES 

Compliance  of  Ada  implementations  is  tested  by  means  of  the  ACVC. 
The  ACVC  contains  a  collection  of  test  programs  structured  into  six 
test  classes:  A,  B,  C,  D,  E,  and  L.  The  first  letter  of  a  test 
name  identifies  the  class  to  which  it  belongs.  Class  A,  C,  0,  and 
E  tests  are  executable.  Class  B  and  class  L  tests  are  expected  to 
produce  errors  at  compile  time  and  link  time,  respectively. 

The  executable  tests  are  written  in  a  self-checking  manner  and 
produce  a  PASSED,  FAILED,  or  NOT  APPLICABLE  message  indicating  the 
result  when  they  are  executed.  Three  Ada  library  units,  the 
packages  REPORT  and  SPPRT13 ,  and  the  procedure  CHECK_FILE  are  used 
for  this  purpose.  The  package  REPORT  also  provides  a  set  of 
identity  functions  used  to  defeat  some  compiler  optimizations 
allowed  by  the  Ada  Standard  that  would  circumvent  a  test  objective. 
The  package  SPPRT13  is  used  by  many  tests  for  Chapter  13  of  the  Ada 
Standard.  The  procedure  CHECK_FILE  is  used  to  check  the  contents 
of  text  files  written  by  some  of  the  Class  C  tests  for  Chapter  14 
of  the  Ada  Standard.  The  operation  of  REPORT  and  CHECK_FILE  is 
checked  by  a  set  of  executable  tests.  If  these  units  are  not 
operating  correctly,  validation  testing  is  discontinued. 

Class  B  tests  check  that  a  compiler  detects  illegal  language  usage. 
Class  B  tests  are  not  executable.  Each  test  in  this  class  is 
compiled  and  the  resulting  compilation  listing  is  examined  to 
verify  that  all  violations  of  the  Ada  Standard  are  detected.  Some 
of  the  class  B  tests  contain  legal  Ada  code  which  must  not  be 
flagged  illegal  by  the  compiler.  This  behavior  is  also  verified. 

Class  L  tests  check  that  an  Ada  implementation  correctly  detects 
violation  of  the  Ada  Standard  involving  multiple,  separately 
compiled  units.  Errors  are  expected  at  link  time,  and  execution  is 
attempted. 

In  some  tests  of  the  ACVC,  certain  macro  strings  have  to  be 
replaced  by  implementation-specific  values — for  example,  the 
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largest  integer.  A  list  of  the  values  used  for  this  implementation 
is  provided  in  Appendix  A.  In  addition  to  these  anticipated  test 
modi ficat ions ,  additional  changes  may  be  required  to  remove 
unforeseen  conflicts  between  the  tests  and  implementation-dependent 
characteristics.  The  modifications  required  for  this 
implementation  are  described  in  section  2.3. 

For  each  Ada  implementation,  a  customized  test  suite  is  produced  by 
the  AVF.  This  customization  consists  of  making  the  modifications 
described  in  the  preceding  paragraph,  removing  withdrawn  tests  (see 
section  2.1)  and,  possibly  some  inapplicable  tests  (see  Section  3.2 
and  [UG89] ) . 

In  order  to  pass  an  ACVC  an  Ada  implementation  must  process  each 
test  of  the  customized  test  suite  according  to  the  Ada  Standard. 


1.4  DEFINITION  OF  TERMS 


Ada  Compiler 


Ada  Compiler 
Validation 
Capability  (ACVC) 


Ada  Implementation 


Ada  Joint  Program 
Office  (AJPO) 


Ada  Validation 
Facility  (AVF) 


Ada  Validation 
Organization  (AVO) 


Compliance  of  an 
Ada  Implementation 


The  software  and  any  needed  hardware  that 
have  to  be  added  to  a  given  host  and  target 
computer  system  to  allow  transformation  of 
Ada  programs  into  executable  form  and 
execution  thereof. 

The  means  for  testing  compliance  of  Ada 
implementations.  Validation  consisting  of 
the  test  suite,  the  support  programs,  the 
ACVC  Capability  User's  Guide  and  the 
template  for  the  validation  summary  (ACVC) 
report. 

An  Ada  compiler  with  its  host  computer 
system  and  its  target  computer  system. 

The  part  of  the  certification  body  which 
provides  policy  and  guidance  for  the  Ada 
certification  Office  system. 

The  part  of  the  certification  body  which 
carries  out  the  procedures  required  to 
establish  the  compliance  of  an  Ada 
implementation. 

The  part  of  the  certification  body  that 
provides  technical  guidance  for  operations 
of  the  Ada  certification  system. 

The  ability  of  the  implementation  to  pass  an 
ACVC  version. 
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Computer  System 


Conformity 

Customer 

Declaration  of 
Conformance 

Host  Computer 
System 

Inapplicable  Test 

ISO 

LRM 

Operating  System 

Target  Computer 
System 


A  functional  unit,  consisting  of  one  or  more 
computers  and  associated  software,  that  uses 
common  storage  for  all  or  part  of  a  program 
and  also  for  all  or  part  of  the  data 
necessary  for  the  execution  of  the  program; 
executes  user-  written  or  user-designated 
programs;  performs  user-designated  data 
manipulation,  including  arithmetic 
operations  and  logic  operations;  and  that 
can  execute  programs  that  modify  themselves 
during  execution.  A  computer  system  may  be  a 
stand-alone  unit  or  may  consist  of  several 
inter-connected  units. 

Fulfillment  by  a  product,  process,  or 
service  of  all  requirements  specified. 

An  individual  or  corporate  entity  who  enters 
into  an  agreement  with  an  AVF  which 
specifies  the  terms  and  conditions  for  AVF 
services  (of  any  kind)  to  be  performed. 

A  formal  statement  from  a  customer  assuring 
that  conformity  is  realized  or  attainable  on 
the  Ada  implementation  for  which  validation 
status  is  realized. 

A  computer  system  where  Ada  source  programs 
are  transformed  into  executable  form. 

A  test  that  contains  one  or  more  test 
objectives  found  to  be  irrelevant  for  the 
given  Ada  implementation. 

International  Organization  for 
S t anda  r d i z at ion . 

The  Ada  standard,  or  Language  Reference 
Manual,  published  as  ANSI/MIL-STD-1815A 
-1983  and  ISO  8652-1987.  Citations  from  the 
LRM  take  the  form  "<section>.<subsection>: 
<paragraph> . " 

Software  that  controls  the  execution  of 
programs  and  that  provides  services  such  as 
resource  allocation,  scheduling, 
input/ output  control,  and  data  management. 
Usually,  operating  systems  are  predominantly 
software,  but  partial  or  complete  hardware 
implementations  are  possible. 

A  computer  system  where  the  executable  form 
of  Ada  programs  are  executed. 
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validated 


Ada 


Validated  Ada 
Compiler 

Validated  Ada 
Implementation 

Validation 


Withdrawn  Test 


The  compiler  of  a 
implementation. 

An  Ada  implementation  that  has  been 
validated  successfully  either  by  AVF  testing 
or  by  registration  [Pro92]. 

The  process  of  checking  the  conformity  of  an 
Ada  compiler  to  the  Ada  programming  language 
and  of  issuing  a  certificate  for  this 
implementation . 

A  test  found  to  be  incorrect  and  not  used  in 
conformity  testing.  A  test  may  be  incorrect 
because  it  has  an  invalid  test  objective, 
fails  to  meet  its  test  objective,  or 
contains  erroneous  or  illegal  use  of  the  Ada 
programming  language. 
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CHAPTER  2 


IMPLEMENTATION  DEPENDENCIES 


2 . 1  WITHDRAWN  TESTS 

Some  tests  are  withdrawn  by  the  AVO  from  the  ACVC  because  they  do 
not  conform  to  the  Ada  Standard.  The  following  104  tests  had  been 
withdrawn  by  the  Ada  Validation  Organization  (AVO)  at  the  time  of 
validation  testing.  The  rationale  for  withdrawing  each  test  is 
available  from  either  the  AVO  or  the  AVF.  The  publication  date  for 
this  list  of  withdrawn  tests  is  93-11-22. 


B27005A 

E28005C 

B28006C 

C32203A 

C34006D 

C35507K 

C35507L 

C35507N 

C355070 

C35507P 

C35508I 

C35508J 

C35508M 

C35508N 

C35702A 

C35702B 

C37310A 

B41308B 

C43004A 

C45114A 

C45346A 

C45612A 

C45612B 

C45612C 

C45651A 

C46022A 

B49008A 

B49008B 

A54B02A 

C55B06A 

A74006A 

C74308A 

B83022B 

B83022H 

B83025B 

B83025D 

B83026B 

C83026A 

C83041A 

B85001L 

C86001F 

C94021A 

C97116A 

C98003B 

BA2011A 

CB7001A 

CB7001B 

CB7004A 

CC1223A 

BC1226A 

CC1226B 

BC3009B 

BD1B02B 

BD1B06A 

AD1B08A 

BD2A02A 

CD2A21E 

CD2A23E 

CD2A32A 

CD2A41A 

CD2A41E 

CD2A87A 

CD2B15C 

BD3006A 

BD4 008 A 

CD4022A 

CD4022D 

CD4024B 

CD4024C 

CD4024D 

CD4031A 

CD4051D 

CD5111A 

CD7004C 

ED7005D 

CD7005E 

AD7006A 

CD7006E 

AD7201A 

AD7201E 

CD7204B 

AD7206A 

BD8002A 

BD8004C 

CD9005A 

CD9005B 

CDA201E 

CE2107I 

CE2117A 

CE2117B 

CE2119B 

CE2205B 

CE2405A 

CE3111C 

CE3116A 

CE3118A 

CE3411B 

CE3412B 

CE3607B 

CE3607C 

CE3607D 

CE3812A 

CE3814A 

CE3902B 

2 . 2  INAPPLICABLE  TESTS 

A  test  is  inapplicable  if  it  contains  test  objectives  which  are 
irrelevant  for  a  given  Ada  implementation.  The  inapplicability 
criteria  for  some  tests  are  explained  in  documents  issued  by  ISO 
and  the  AJPO  known  as  Ada  Commentaries  and  commonly  referenced  in 
the  format  Al-ddddd.  For  this  implementation,  the  following  tests 
were  determined  to  be  inapplicable  for  the  reasons  indicated; 
references  to  Ada  Commentaries  are  included  as  appropriate. 

The  following  201  tests  have  floating-point  type  declarations 
requiring  more  digits  than  SYSTEM. MAX_DIGITS: 

C24113L..Y  (14  tests)  C35705L. . Y  (14  tests) 

C35706L. . Y  (14  tests)  C35707L. .Y  (14  tests) 
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C35708L..Y  (14  tests)  C35802L..Z  (15  tests) 
C45241L..Y  (14  tests)  C45321L..Y  (14  tests) 
C45421L..Y  (14  tests)  C45521L..Z  (15  tests) 
C45524L..Z  (15  tests)  C45621L. .Z  (15  tests) 
C45641L..Y  (14  tests)  C46012L. .Z  (15  tests) 

C24113I..K  (3  tests)  use  a  line  length  in  the  input  file  which 
exceeds  126  characters. 

C35404D,  C45231D,  B86001X,  C86006E,  and  CD7101G  check  for  a 
predefined  integer  type  with  a  name  other  than  INTEGER, 
LONG_INTEGER ,  or  SHORT_INTEGER ;  for  this  implementation,  there  is 
no  such  type. 

C35713B,  C45423B,  B86001T,  and  C86006H  check  for  the  predefined 
type  SHORT_FLOAT ;  for  this  implementation,  there  is  no  such  type. 

C35713D  and  B86001Z  check  for  a  predefined  floating-point  type  with 
a  name  other  than  FLOAT,  LONG_FLOAT ,  or  SHORT_FLOAT;  for  this 
implementation,  there  is  no  such  type. 

C45531M. . P  and  C45532M. .P  (8  tests)  check  fixed-point  operations 
for  types  that  require  a  SYSTEM. MAXJMANTISSA  of  47  or  greater;  for 
this  implementation,  MAXMANTISSA  is  less  than  47. 

C45624A. . B  (2  tests)  check  that  the  proper  exception  is  raised  if 
MACHINEOVERFLOWS  is  FALSE  for  floating  point  types  and  the  results 
of  various  floating-point  operations  lie  outside  the  range  of  the 
base  type;  for  this  implementation,  MACHINEOVERFLOWS  is  TRUE. 

C4A013B  contains  a  static  universal  real  expression  that  exceeds 
the  range  of  this  implementation's  largest  floating-point  type; 
this  expression  is  rejected  by  the  compiler. 

D56001B  uses  65  levels  of  block  nesting;  this  level  of  block 
nesting  exceeds  the  capacity  of  the  compiler. 

B86001Y  uses  the  name  of  a  predefined  fixed-point  type  other  than 
type  DURATION;  for  this  implementation,  there  is  no  such  type. 

C96005B  uses  values  of  type  DURATION'S  base  type  that  are  outside 
the  range  of  type  DURATION;  for  this  implementation,  the  ranges  are 
the  same. 

CA2009C  and  CA2009F  check  whether  a  generic  unit  can  be 
instantiated  before  its  body  (and  any  of  its  subunits)  is  compiled; 
this  implementation  creates  a  dependence  on  generic  units  as 
allowed  by  AI-00408  and  AI-00506  such  that  the  compilation  of  the 
generic  unit  bodies  makes  the  instantiating  units  obsolete.  (See 
section  2.3.) 


CD1009C  checks  whether:  a  length  clause  can  specify  a  non-default 
size  for  a  floating-point  type;  this  implementation  does  not 
support  such  sizes. 

CD2A84A,  CD2A84E,  CD2A84I..J  (2  tests),  and  CD2A840  use  length 
clauses  to  specify  non-default  sizes  for  access  types;  this 
implementation  does  not  support  such  sizes. 

The  following  264  tests  check  operations  on  sequential,  text,  and 
direct  access  files;  this  implementation  does  not  support  external 
files: 


CE2102A. .C 

(3) 

CE2102G. .H 

(2) 

CE2102K 

CE2102N..Y  | 

(12) 

CE2103C. . D 

(2) 

CE2104A. . D 

(4) 

CE2105A. .B 

(2) 

CE2106A. .B 

(2) 

CE2107A. .H 

(8) 

CE2107L 

CE2108A. .H 

(8) 

CE2109A. .C 

(3) 

CE2110A. . D 

(4) 

CE2111A. .1 

(9) 

CE2115A. .B 

(2) 

CE2120A. .B 

(2) 

CE2201A. .C 

(3) 

EE2201D. .E 

(2) 

CE2201F. .N 

(9) 

CE2203A 

CE2204A. . D 

(4) 

CE2205A 

CE2206A 

CE2208B 

CE2401A. .C 

(3) 

EE2401D 

CE2401E. . F 

(2) 

EE2401G 

CE2401H. .L 

(5) 

CE2403A 

CE2404A. .B 

(2) 

CE2405B 

CE2406A 

CE2407A. .B 

(2) 

CE2408A.  .B 

(2) 

CE2409A. .B 

(2) 

CE2410A. . B 

(2) 

CE2411A 

CE3102A. .C 

(3) 

CE3102F. .H 

(3) 

CE3102J. .K 

(2) 

CE3103A 

CE3104A. .C 

(3) 

CE3106A. .B 

(2) 

CE3107B 

CE3108A. . B 

(2) 

CE3109A 

CE3110A 

CE3111A. . B 

(2) 

CE3111D. .E 

(2) 

CE3112A. .D 

(4) 

CE3114A. . B 

(2) 

CE3115A 

CE3119A 

EE3203A 

EE3204A 

CE3207A 

CE3208A 

CE3301A 

EE3301B 

CE3302A 

CE3304A 

CE3305A 

CE3401A 

CE3402A 

EE3402B 

CE3402C. . D 

(2) 

CE3403A. .C 

(3) 

CE3403E. . F 

(2) 

CE3404B. .D 

(3) 

CE3405A 

EE3405B 

CE3405C. .D 

(2) 

CE3406A.  .D 

(4) 

CE3407A. .C 

(3) 

CE3408A. .C 

(3) 

CE3409A 

CE3409C. .E 

(3) 

EE3409F 

CE3410A 

CE3410C. .E 

(3) 

EE3410F 

CE3411A 

CE3411C 

CE3412A 

EE3412C 

CE3413A. .C 

(3) 

CE3414A 

CE3602A. .D 

(4) 

CE3603A 

CE3604A. .B 

(2) 

CE3605A. .E 

(5) 

CE3606A. .B 

(2) 

CE3704A. .F 

(6) 

CE3704M. .0 

(3) 

CE3705A. .E 

(5) 

CE3706D 

CE3706F. .G 

(2) 

CE3804A. .P 

(16) 

CE3805A. . B 

(2) 

CE3806A. . B 

(2) 

CE3806D. . E 

(2) 

CE3806G. .H 

(2) 

CE3904A. .B 

(2) 

CE3905A. .C 

(3) 

CE3905L 

CE3906A. .C 

(3) 

CE3906E. . F 

(2) 

CE2103A,  CE2103B,  and  CE3107A  use  an  illegal  file  name  in  an 

attempt  to  create  a  file  and  expect  NAME_ERROR  to  be  raised;  this 
implementation  does  not  support  external  files  and  so  raises 
USE_ERROR.  (See  section  2.3.) 

2.3  TEST  MODIFICATIONS 

Modifications  (see  section  1.3)  were  required  for  71  tests. 

The  following  tests  were  split  into  two  or  more  tests  because  this 
implementation  did  not  report  the  violations  of  the  Ada  Standard  in 
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the  way  expected  by  the  original  tests. 

B22003A  B26001A  B26002A  B26005A  B28003A  B29001A  B33301B 

B35101A  B37106A  B37301B  B37302A  B38003A  B38003B  B38009A 

B38009B  B55A01A  B61001C  B61001F  B61001H  B61001I  B61001M 

B61001R  B61001W  B67001H  B83A07A  B83A07B  B83A07C  B83E01C 

B83E01D  B83E01E  B85001D  B85008D  B91001A  B91002A  B91002B 

B91002C  B91002D  B91002E  B91002F  B91002G  B91002H  B91002I 

B91002J  B91002K  B91002L  B95030A  B95061A  B95061F  B95061G 

B95077A  B97103E  B97104G  BA1001A  BA1101B  BC1109A  BC1109C 

BC1109D  BC1202A  BC1202F  BC1202G  BE2210A  BE2413A 


C83030C  and  C86007A  were  graded  passed  by  Test  Modification  as 
directed  by  the  AVO.  These  tests  were  modified  by  inserting 
"PRAGMA  ELABORATE  (REPORT);"  before  the  package  declarations  at 
lines  13  and  11,  respectively.  Without  the  pragma,  the  packages 
may  be  elaborated  prior  to  package  Report's  body,  and  thus  the 
packages'  calls  to  function  REPORT. I DENT_INT  at  lines  14  and  13, 
respectively,  will  raise  PROGRAMJERROR. 

CA2009C  and  CA2009F  were  graded  inapplicable  by  Evaluation 
Modification  as  directed  by  the  AVO.  These  tests  contain 
instantiations  of  a  generic  unit  prior  to  the  compilation  of  that 
unit's  body;  as  allowed  by  AI-00408  and  AI-00506,  the  compilation 
of  the  generic  unit  bodies  makes  the  compilation  unit  that  contains 
the  instantiations  obsolete. 

BC3204C  and  BC3205D  were  graded  passed  by  Processing  Modification 
as  directed  by  the  AVO.  These  tests  check  that  instantiations  of 
generic  units  with  unconstrained  types  as  generic  actual  parameters 
are  illegal  if  the  generic  bodies  contain  uses  of  the  types  that 
require  a  constraint.  However,  the  generic  bodies  are  compiled 
after  the  units  that  contain  the  instantiations,  and  this 
implementation  creates  a  dependence  of  the  instantiating  units  on 
the  generic  units  as  allowed  by  AI-00408  and  AI-00506  such  that  the 
compilation  of  the  generic  bodies  makes  the  instantiating  units 
obsolete — no  errors  are  detected.  The  processing  of  these  tests 
was  modified  by  re-compiling  the  obsolete  units;  all  intended 
errors  were  then  detected  by  the  compiler. 

CE2103A,  CE2103B,  and  CE3107A  were  graded  inapplicable  by 
Evaluation  Modification  as  directed  by  the  AVO.  The  tests  abort 
with  an  unhandled  exception  when  USE_ERROR  is  raised  on  the  attempt 
to  create  an  external  file.  This  is  acceptable  behavior  because 
this  implementation  does  not  support  external  files  (cf.  AI-00332). 


CHAPTER  3 


PROCESSING  INFORMATION 


3 . 1  TESTING  ENVIRONMENT 

The  Ada  implementation  tested  in  this  validation  effort  is 
described  adequately  by  the  information  given  in  the  initial  pages 
of  this  report. 

For  technical  information  about  this  Ada  implementation,  contact: 

Forrest  Holemon 

410  North  44th  Street,  Suite  320 
Phoenix,  Arizona  85008  (U.S.A.) 

Telephone:  602-275-7172 

Telefax:  602-275-7502 

For  sales  information  about  this  Ada  implementation,  contact: 

Mike  Halpin 

410  North  44th  Street,  Suite  320 
Phoenix,  Arizona  85008  (U.S.A.) 

Telephone:  602-275-^7172 

Telefax:  602-275-7502 

Testing  of  this  Ada  implementation  was  conducted  at  the  customer's 
site  by  a  validation  team  from  the  AVF. 

3.2  SUMMARY  OF  TEST  RESULTS 

An  Ada  Implementation  passes  a  given  ACVC  version  if  it  processes 
each  test  of  the  customized  test  suite  in  accordance  with  the  Ada 
Programming  Language  Standard,  whether  the  test  is  applicable  or 
inapplicable;  otherwise,  the  Ada  Implementation  fails  the  ACVC 
[Pro92] . 

For  all  processed  tests  (inapplicable  and  applicable) ,  a  result  was 
obtained  that  conforms  to  the  Ada  Programming  Language  Standard. 

The  list  of  items  below  gives  the  number  of  ACVC  tests  in  various 
categories.  All  tests  were  processed,  except  those  that  were 
withdrawn  because  of  test  errors  (item  b;  see  section  2.1),  those 
that  require  a  floating-point  precision  that  exceeds  the 
implementation's  maximum  precision  (item  e;  see  section  2.2),  and 
those  that  depend  on  the  support  of  a  file  system — if  none  is 
supported  (item  d) .  All  tests  passed,  except  those  that  are  listed 
in  sections  2.1  and  2.2  (counted  in  items  b  and  f,  below). 
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a)  Total  Number  of  Applicable  Tests 

b)  Total  Number  of  Withdrawn  Tests 

c)  Processed  Inapplicable  Tests 

d)  Non-Processed  I/O  Tests 

e)  Non-Processed  Floating-Point 

Precision  Tests 

f)  Total  Number  of  Inapplicable  Tests 

g)  Total  Number  of  Tests  for  ACVC  1.11 


3 . 3  TEST  EXECUTION 

A  magnetic  tape  containing  the  customized  test  suite  (see  section 
1.3)  was  taken  on-site  by  the  validation  team  for  processing.  The 
contents  of  the  magnetic  tape  were  loaded  directly  onto  the  host 
computer. 

After  the  test  files  were  loaded  onto  the  host  computer,  the  full 
set  of  tests  was  processed  by  the  Ada  implementation.  The  DDC-I 
Ada  dovnloader  runs  on  the  host  machine  and  is  used  for  downloading 
the  executable  images  to  the  target  machine.  The  DDC-I  Debug 
Monitor  runs  on  the  target  machine  and  provides  communication 
interface  between  the  host  dovnloader  and  the  executing  target 
machine.  The  two  processes  communicate  via  ethemet. 

The  tests  were  compiled  and  linked  on  the  host  computer  system,  as 
appropriate.  The  executable  images  were  transferred  to  the  target 
computer  system  by  the  communications  link  described  above,  and 
run.  The  results  were  captured  on  the  host  computer  system. 

Testing  was  performed  using  command  scripts  provided  by  the 
customer  and  reviewed  by  the  validation  team.  See  Appendix  B  for 
a  complete  listing  of  the  processing  options  for  this 
implementation.  It  also  indicates  the  default  options.  The 
options  invoked  explicitly  for  validation  testing  during  this  test 
were : 

-list 

Test  output,  compiler  and  linker  listings,  and  job  logs  were 
captured  on  magnetic  tape  and  archived  at  the  AVF.  The  listings 
examined  on-site  by  the  validation  team  were  also  archived. 


3562 

104 

504 

0 

0 

504  (C+d+e) 

4170  (a+b+f) 
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APPENDIX  A 


MACRO  PARAMETERS 


This  appendix  contains  the  macro  parameters  used  for  customizing 
the  ACVC.  The  meaning  and  purpose  of  these  parameters  are 
explained  in  [UG89].  The  parameter  values  are  presented  in  two 
tables.  The  first  table  lists  the  values  that  are  defined  in  terms 
of  the  maximum  input-line  length,  which  is  the  value  for 
$MAX_IN  LEN — also  listed  here.  These  values  are  expressed  here  as 
Ada  string  aggregates,  where  "V"  represents  the  maximum  input-line 
length. 

Macro  Parameter  Macro  Value 


$MAX_IN_LEN  126  —  Value  of  V 

$BIG_ID1  (1..V-1  =>  »A',  V  —>  *1') 

$BIG_ID2  (1..V-1  =>  • A ' ,  V  =>  *2') 

$BIG_ID3  (1..V/2  =>  'A')  &  '3'  &  (1..V-1-V/2  =>  'A') 

$BIG_ID4  (1..V/2  »>  'A')  &  '4*  &  (1.  .V-l-V/2  =>  'A') 

$BIG_INT_LIT  (1..V-3  =>  '0')  &  "298" 

$BIG_REAL_LIT  (1..V-5  =>  '0')  &  "690. 0" 

$BIG_STRING1  '  &  (1..V/2  =>  'A')  &  •""• 

$BIG_STRING2  ",,M  &  (1.  .V-l-V/2  =>  'A')  &  *1'  & 

$ BLANKS  (1..V-20  =>  '  ' ) 

$MAX_LEN_INT_BASED_LITERAL 

"2:M  &  (1..V-5  =>  *0')  &  "11:" 

$MAX_LEN_REAL_BASED_LITERAL 

r,16: M  &  (1..V-7  =>  »0')  &  "F.E:" 

§MAX_STRING_LITERAL  &  (1..V-2  *>  'A')  & 
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The  following  table  contains  the  values  for  the  remaining 
macro  parameters. 

Macro  Parameter  Macro  Value 


ACC_SIZE 

ALIGNMENT 

COUNTLAST 

DEFAULT_MEM_S I Z E 

DEFAULT_STOR_UNIT 

DEFAULT_SYS_NAME 

DELTA_DOC 

ENTRYADDRESS 

ENTRY_ADDRES  S 1 

ENTR Y_ADDRES S  2 

FIELDLAST 

FILETERMINATOR 

FIXED_NAME 

FLOATNAME 

FORMSTRING 

FORM  STRING2 


48 

2 

2_147  483_647 
16#1_0000_0000# 

16 

IAPX586_PM 

2#1.0#E-31 

(140,0) 

(141,0) 

(142,0) 

35 

ASCII. SUB 
NOSUCHFIXEDTYPE 
SHORT  SHORT  FLOAT 


" CANNOT_RESTRI CT_FI LE_CAPACITY " 
GREATER_THAN_DURAT ION  :  75_000.0 

GREATERTHANDURATIONBAS  ELAS  T  :  131  073.0 

GREATERTHANFLOATBASELAST  :  16#1.0#E+32 

GREATER_THAN_FLOAT_SAFE_LARGE  :  16#5.FFFF_F0#E+31 

GREATERTHANSHORTFLOATSAFELARGE :  1 . 0E3  08 
HIGH_PRIORITY  :  31 

I LLEGAL  EXTERN AL_F I LE  NAME 1  :  \NODIRECTORY\FILENAME 

ILLEGAL  EXTERNAL  FILE  NAME2  : 


THIS-FILE-NAME-IS-TOO-LONG-FOR-MY-SYSTEM 
INAPPROPRIATE_LINE_LENGTH  :  -1 

INAPPROPRIATE_PAGE_LENGTH  :  -1 

INCLUDE_PRAGMA1  : 

PRAGMA  INCLUDE  ("A28006D1. ADA") 


INCLUDE  PRAGMA2 


INTEGERFIRST 

INTEGERLAST 

INTEGERLASTPLUS1 

INTERFACE_LANGUAGE 

LESS_THAN_DURATION 

LESS_THAN_DURATION_BASE_FIRST 

LINE_TERMINATOR 

LOWPRIORITY 

MACHINE  CODE  STATEMENT 


PRAGMA  INCLUDE  ("B28006E1.ADA") 
:  -2147483648 
:  2147483647 

:  2_147_483_648 
:  ASM86 
:  -75_000. 0 
:  -131_073.0 
:  ASCII. CR 
:  0 


MACHINE_INSTRUCTION ' (NONE,m_NOP) ; 
MACHINE_CODE_TYPE  :  REG I STER_T Y PE 

MANTISSA  DOC  :  31 
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MAX_DIGITS 

MAX_INT 

MAX_INT_PLUS_1 

MIN_INT 

NAME 

NAME_LIST 

NAME_S PfiCI FXCATION 1 

DISK$AWC_2 : 
NAME_SPECIFICATION2 

DISK$AWC_2 : 
HAME_SPECIFICATION3 

DISK$AWC_2 : 
NEG_BASED_INT 
NEWMEMSIZE 
NEWSTORUNIT 
NEWSYSNAME 
PAGE_TERMINATOR 
RECORD_DEFINITION 
RECORDNAME 
TASK_SIZE 
TASK  STORAGE  SIZE 


9223372036854775807 
9223372036854775808 
-9223372036854775808 
SHORT_SHORT_INTEGER 
IAPX586  PM 


!_2 :[ CROCKETTL. ACVC11 . DEVELOPMENT] X2 120A 

:_2 :  [  CROCKETTL .  ACVC1 1 .  DEVELOPMENT  ]  X2 12 OB 
;  • 

:_2 : [CROCKETTL. ACVC11 . DEVELOPMENT ]X3119A 

:  16  #  FFFF_FFFF_FFFF_FFFF# 

:  16#1_000 OjOOOOi 
:  16 

:  IAPX586_PM 
:  ASCII. FF 

:  RECORD  NULL; END  RECORD; 

:  NOSUCHMACHINECODETYPE 
:  32 
:  1024 


TICK 

VARIABLEADDRESS 
VARIABLE  ADDRESS 1 
VARIABLEADDRESS2 
YOUR  PRAGMA 


0.000_000_062_5 
(16#0#f16#44#) 
(16#4#,16#44#) 
(16#8#,16#44#) 
EXPORT  OBJECT 
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APPENDIX  B 


COMPILATION  SYSTEM  OPTIONS 


The  compiler  options  of  this  Ada  implementation,  as  described  in  this 
Appendix,  are  provided  by  the  customer.  Unless  specifically  noted 
otherwise,  references  in  this  appendix  are  to  compiler  documentation  and 
not  to  this  report. 
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5  THE  ADA  COMPILER 


The  Ada  Compiler  compiles  all  program  units  within  the  specified  source  Hie  and  inserts  the 
generated  objects  into  the  current  program  library.  Compiler  opiums  are  provided  to  allow  the 
user  control  of  optimization,  run-time  checks,  and  compiler  input  and  output  options  such  as  list 
files,  configuration  files,  the  program  library  used,  etc. 

The  input  to  the  compiler  consists  of  the  source  file,  the  configuration  file  (which  controls  the 
format  of  the  list  file),  and  the  compiler  options.  Section  S.l  provides  a  list  of  all  compiler 
options,  and  Section  5.2  describes  the  source  and  configuration  files. 

If  any  diagnostic  messages  are  produced  during  the  compilation,  they  are  output  on  the  diagnostic 
file  and  on  the  current  output  file.  The  diagnostic  file  and  the  diagnostic  messages  are  described 
in  Section  5.3.2. 

Output  consists  of  an  object  placed  in  the  program  library,  diagnostic  messages,  and  optional 
listings.  The  configuration  file  and  the  compiler  options  specify  the  format  and  contents  of  the 
list  information.  Output  is  described  in  Section  5.3. 

The  compiler  uses  a  program  library  during  the  compilation.  The  compilation  unit  may  refer  to 
units  from  the  program  library,  and  an  internal  representation  of  the  compilation  unit  will  be 
included  in  the  program  library  as  a  result  of  a  successful  compilation.  The  program  library  is 
described  in  Chapter  3.  Section  5.4  briefly  describes  how  the  Ada  compiler  uses  the  library. 


5.1  Invoking  the  Ada  Compiler 

Invoke  the  Ada  compiler  with  the  following  command  to  the  SunOS  shell: 

S  ada  {<option>}  <source-fUe*name> 
where  the  options  and  parameters  are: 
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OPTION  DESCRIPTION  REFERENCE 


•[nolautojnline 

Specifies  whether  local  subprograms  should  be 
inline  expanded. 

5.1.1 

-» - «- 

*cnccK 

Controls  run-time  checks. 

5.12 

•configure  tion_file 

Specifies  the  configuration  file  used  by  the 
compiler. 

5.1.3 

•(noklebug 

Includes  symbolic  debugging  information  in 
program  Library.  Does  not  include  symbolic 
information. 

5.1.4 

-[no]flxpoint_rounding 

Generates  fixed  point  rounding  code.  Avoids  fixed 
point  rounding  code. 

5.1.5 

-  [no  ]float_  allowed 

Flags  generation  of  float  instructions  as 
error  if  selected. 

5.1.6 

-{no]library 

Specifies  program  library  used. 

5.1.7 

•[nojlist 

Writes  a  source  listing  on  the  list  file. 

5.1.8 

-(nojoptimize 

Specifies  compiler  optimization. 

5.1.9 

•(no)progess 

Displays  compiler  progress. 

5.1.10 

•[nojxref 

Creates  a  cross  reference  listing. 

5.1.11 

-[nolsave_source 

Copies  source  to  program  library. 

5.1.12 

•[no)target_debug 

Includes  Intel  debug  information.  Does  not  include 
Intel  debug  information. 

5.1.13 

-unit 

Assigns  a  specific  unit  number  to  the  compilation 
(must  be  free  and  in  a  sublibrary). 

5.1.14 

•recompile 

Interpret  the  file  name  as  a  compilation  unit  boiy 

that  must  be  recompiled  from  library. 

5.1.15 

•specification 

With  -recompile  interpret  file  name  as  a 

compilation  unit  specification  rather  than  body. 

5.1.16 

Examples: 

$  ada  -Hat  taatprog 

This  example  compiles  the  source  file  test  prog  Jida  and  generates  a  list  file  with  the  name 
testprogJis. 

$  ada  -library  ayJLibraxy  tart 

This  example  compiles  the  source  file  testa  da  into  the  library  myjibrary. 

Default  values  exist  for  most  options  as  indicated  in  the  following  sections.  Option  names  may 
be  abbreviated  (characters  omitted  from  the  right)  as  long  as  no  ambiguity  arises. 
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<aource-file-name> 

The  Aoa  compiler  has  one  mandatory  parameter  that  should  specify  the  Ada  source  file. 

This  parameter  specifies  the  text  file  containing  the  source  text  to  be  compiled.  If  the  file  type 
is  omitted  in  the  source  file  specification,  the  file  type  ".ada"  is  assumed  by  default. 

The  allowed  format  of  the  source  text  is  described  in  Section  52.1. 


Below  follows  a  description  of  each  of  the  available  options  to  the  invocation  of  the  Ada 
compiler. 


5.1.1  •(nolautojnllne 

•autojnline  local  |  global 
-noauto_inline  (default) 

This  option  specifies  whether  subprograms  should  be  inline  expanded.  The  inline  expansion  only 
occurs  if  the  subprogram  has  less  than  4  object  declarations  and  less  than  6  statements,  and  if  the 
subprogram  fulfills  the  requirements  defined  for  pragma  INLINE  (see  Section  G2.3).  LOCAL 
specifies  that  only  inline  expansion  of  locally  defined  subprograms  should  be  done,  while 
GLOBAL  will  cause  inline  expansion  of  all  subprograms,  including  subprograms  from  other  units. 


5.12  -check 


-check  [  <keyword>  =  ON  |  OFF  {  ,<keyword>  =  ON  |  OFF  }  ] 
•check  ALL=ON  (default) 


•check  specifies  which  run-time  checks  should  be  performed.  Setting  a  run-time  check  to  ON 
enables  the  check,  while  setting  it  to  OFF  disables  the  check.  All  run-time  checks  are  enabled  by 
default.  The  following  explicit  checks  will  be  disabled/enabled  by  using  the  name  as  <keywotd>: 


ACCESS 

ALL 

DISCRIMINANT 

ELABORATION 

INDEX 

LENGTH 

OVERFLOW 

RANGE 

STORAGE 


Check  for  access  values  being  non  NULL. 
All  checks. 

Checks  for  discriminated  fields. 

Checks  for  subprograms  being  elaborated. 
Index  check. 

Array  length  check. 

Explicit  overflow  checks. 

Checks  for  values  being  in  range. 

Checks  for  sufficient  storage  available. 
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5.1  J  -configurationflle 


•configuration-file  <file-speo 
•configuration-file  config  (default) 

This  option  specifies  the  configuration  file  to  be  used  by  the  compiler  in  the  current  compilation. 
The  configuration  file  allows  the  user  to  format  compiler  listings,  set  error  limits,  etc.  If  the 
option  is  omitted  the  configuration  file  config  located  in  the  same  directory  as  the  Ada  compiler 
is  used  by  default.  Section  52.2  contains  a  description  of  the  configuration  file. 


5.1.4  -[no]debug 


•debug 

•nodebug  (default) 

Generate  debug  information  for  the  compilation  and  store  the  information  in  the  program  library. 
This  is  necessary  if  the  unit  is  to  be  debugged  with  the  DDC-I  Ada  Symbolic  Cross  Debugger. 
Note  that  the  program  must  also  be  linked  with  the  -debug  option,  if  the  program  is  to  be 
debugged  with  the  DDC-I  Ada  Symbolic  Cross  Debugger.  See  Section  6.5.11. 


5.1  J  -{no]fixpoint_rounding 

•flxpointjrounding  (default) 

-nofixpoint_rounding 

Normally  all  inline  generated  code  for  fixed  point  MULTIPLY  and  DIVIDE  is  rounded,  but  this 
may  be  avoided  with  •nofixpoint_rounding.  Inline  code  is  generated  for  all  16  bit  fixed  point 
types  and  for  32  bit  fixed  point  types,  when  the  target  is  80386PM  or  80486PM. 


5.141  -lno]float_allowed 

-fioatallowed  (default) 

-nofloat_allowed 

Float  instruction  generation  may  be  flagged  as  errors,  if  -nofloat  is  selected.  This  is  for  use  in 
systems,  where  no  floating  point  processor  (nor  emulator)  is  available.  Notice  that  TEXT.IO  uses 
floats  in  connection  with  FLOAT.IO  and  FDCED_IO. 
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5.1.7  library 

•library  <fiie-speo 

•library  Sada -library  'default) 

This  opdon  specifies  the  current  sublibrary  that  will  be  used  in  the  compilation  and  will  receive 
the  object  when  the  compilation  is  complete.  By  specifying  a  current  sublibrary,  the  current 
program  library  (current  subiibrary  and  ancestors  up  to  root)  is  also  implicitly  specified. 

If  this  option  is  omitted,  the  subiibrary  designated  by  the  environmental  variable  a  da -library  is 
used  as  the  current  sublibrary.  Section  5.4  describes  how  the  Ada  compiler  uses  the  library. 


5.1.8  -(nollist 


•list 

•nolist  (default) 

•list  specifies  that  a  source  listing  will  be  produced.  The  source  listing  is  written  to  the  list  file, 
which  has  the  name  of  the  source  file  with  the  extension  Jis.  Section  5.3.1. 1  contains  a  description 
of  the  source  listing. 

If  *nolist  is  active,  no  source  listing  is  produced,  regardless  of  LIST  pragmas  in  the  program  or 
diagnostic  messages  produced. 


5.1.9  -optimize 

•optimize  (  <keyword>  =  on  |  off  {  ,<keyword>  =  on  |  off )  ] 

•optimize  all=off 

This  option  specifies  which  optimizations  will  be  performed  during  code  generation.  The  possible 
keywords  are:  (casing  is  irrelevant) 


all 

All  possible  optimizations  are  invoked. 

check 

Eliminates  superfluous  checks. 

cse 

Performs  common  subexpression  elimination  including  common 
address  expressions. 

fct2proc 

Change  function  calls  returning  objects  of  constrained  array  types 
or  objects  of  record  types  to  procedure  calls. 

reordering 

Transforms  named  aggregates  to  positional  aggregates  and  named 
parameter  associations  to  positional  associations. 

stack-height 

Performs  stack  height  reductions  (also  called  Aho  Ullman 
reordering). 

block 

Optimize  block  aid  call  frames. 

Setting  an  optimization  to  on  enables  the  optimization,  while  setting  an  optimization  to  off  disables 
the  optimization.  All  optimizations  are  disabled  by  default  In  addition  to  the  optional 
optimizations,  the  compiler  always  performs  the  following  optimizations:  constant  folding,  dead 
code  elimination,  and  selection  of  optimal  jumps. 
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5.1.10  -[no]progress 
•progress 

-noprogress  (default) 

When  this  option  is  given,  the  compiler  will  output  data  about  which  pass  the  compiler  is 
currently  running. 


5.1.11  -(no)xref 
-xref 

-noxref  (default) 

A  cross-reference  listing  can  be  requested  by  the  user  by  means  of  the  option  -xref.  If  the  -xref 
option  is  given  and  no  severe  or  fatal  errors  are  found  during  the  compilation,  the  cross-reference 
listing  is  written  to  the  list  file.  The  cross-reference  listing  is  described  in  Section  ?. 


5.1.12  -[no]save_source 

•savejsource  (default) 

-nosave_source 

When  -save-source  is  specified,  a  copy  of  the  compiled  source  code  is  placed  in  the  program 
library.  If  *nosave_source  is  used,  source  code  will  not  be  retained  in  the  program  library. 

Using  -nosave_source.  while  helping  to  keep  library  sizes  smaller,  does  affect  the  operation  of 
the  recompiler,  see  Chapter  7  for  more  details.  Also,  it  wtli  not  be  possible  to  do  symbolic 
debugging  at  the  Ada  source  code  level  with  the  DACS- 80x86  Symbolic  Ada  Debugger,  if  the 
source  code  is  not  saved  in  the  library. 


5.1.13  -[no]target_debug 

•targetjdebug 
-notarget_debug  (default) 

Specifies  whether  symbolic  debug  information  on  standard  OMF  is  included  in  the  object  file. 
Currently  the  linker  does  not  support  the  OMF  debug  information. 

This  option  may  be  used  when  debugging  with  standard  OMF  tools  (i.e.,  PICE). 
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5.1.14  -unit 

•unit  =  <unit_number> 

The  specified  unit  number  will  be  assigned  to  the  compilation  unit  if  it  is  free  and  it  is  a  legal 
unit  number  for  the  library. 


5.1.15  •recompile 
•recompile 

The  file  name  (source)  is  interpreted  as  a  compilation  unit  name  which  has  its  source  saved  from 
a  previous  compilation.  If  -specification  is  not  specified,  it  is  assumed  to  be  body  which  must  be 
recompiled. 


5.1.16  -specification 


•specification 


Works  only  together  with  -recompile,  see  Section  5.1.15. 


5.2  Compiler  Input 

Input  to  the  compiler  consists  of  the  command  line  options,  a  source  text  file  and,  optionally,  a 
configuration  file. 


5.2.1  Source  Text 

The  user  submits  one  file  containing  a  source  text  in  each  compilation.  The  source  text  may 
consist  of  one  or  more  compilation  units  (see  ARM  Section  10.1). 

The  format  of  the  source  text  must  be  in  ISO-FORMAT  ASCII.  This  format  requires  that  the 
source  text  is  a  sequence  of  ISO  characters  (ISO  standard  646),  where  each  line  is  terminated  by 
either  one  of  the  following  termination  sequences  (CR  means  carriage  return,  VT  means  vertical 
tabulation,  LF  means  line  feed,  and  FF  means  form  feed): 

•  A  sequence  of  one  or  more  CRs,  where  the  sequence  is  neither  immediately  preceded  nor 
immediately  followed  by  any  of  the  characters  VT,  LF,  or  FF. 

•  Any  of  the  characters  VT,  LF,  or  FF,  immediately  preceded  and  followed  by  a  sequence  of  zero 
or  more  CRs. 

In  general.  ISO  control  characters  are  not  permitted  in  the  source  text  with  the  following 
exceptions: 
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•  The  horizontal  tabulation  (HT)  character  may  be  used  as  a  separator  between  lexical  units. 

•  LF,  VT.  FF,  and  CR  may  be  used  to  terminate  lines,  as  described  above. 

The  maximum  number  of  characters  in  an  input  line  is  determined  by  the  contents  of 
configuration  file  (see  section  5.1.3).  The  control  characters  CR,  VT,  LF.  and  FF  are 
considered  a  part  of  the  line.  Lines  containing  more  than  the  maximum  number  of  characters 
truncated  and  an  error  message  is  issued. 


5 Configuration  File 

Certain  processing  characteristics  of  the  compiler,  such  as  format  of  input  and  output,  and  error 
limit,  may  be  modified  by  the  user.  These  characteristics  are  passed  to  the  compiler  by  means 
of  a  configuration  file,  which  is  a  standard  SPAR  C/SunOS  text  file.  The  contents  of  the 
configuration  file  must  be  an  Ada  positional  aggregate,  written  on  one  line,  of  the  type 
CONFIGURATION_RECORD,  which  is  described  below. 

The  configuration  file  (config)  is  not  accepted  by  the  compiler  in  the  following  cases: 

•  The  syntax  does  not  conform  with  the  syntax  for  positional  Ada  aggregates. 

•  A  value  is  outside  the  ranges  specified. 

•  A  value  is  not  specified  as  a  literal. 

•  UNES_PER_PAGE  is  not  greater  than  TOP_MARGIN  +  BOTT(  t_MARGIN. 

•  The  aggregate  occupies  more  than  one  line. 

If  the  compiler  is  unable  to  accept  the  configuration  file,  an  error  message  is  written  on  the 
current  output  file  and  the  compilation  is  terminated. 

This  is  the  record  whose  values  must  appear  in  aggregate  form  within  the  configuration  file.  The 
record  declaration  makes  use  of  some  other  types  (given  below)  for  the  sake  of  clarity. 
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type  CONFIGURATION_RECORD  is 
record 

IN_ FORMAT :  INFORMATTING; 

OUT  FORMAT:  OUTFORMATTING; 
ERROR_LIMIT :  INTEGER; 
end  record; 


type  I NPUT— FORMAT S  is  (ASCII); 

type  INFORMATTING  is 
record 


INPUT  FORMAT: 

I NPUT~LINE LENGTH : 
end  record; 

type  OUTFORMATTING  is 
record 

LINES_PER  PAGE 
TOP  MARGIN 
BOTTOM  MARGIN 
OUT_LINE LENGTH 
SUPPRESS_ERRORNO  : 
end  record;  "" 


INPUT  FORMATS; 

INTEGER  range  70.. 250; 


INTEGER  range  30.. 100 
INTEGER  range  4..  90 
INTEGER  range  0 . .  90 
INTEGER  range  80.. 132 
BOOLEAN; 


The  outformaaing  parameters  have  the  following  meaning: 


1)  LINES_PER_PAGE:  specifies  the  maximum  number  of  lines  written  on  each  page 
(including  top  and  bottom  margin). 

2)  TOP_MARGIN:  specifies  the  number  of  lines  on  top  of  each  page  used  for  a  standard 
heading  and  blank  lines.  The  heading  is  placed  in  the  middle  lines  of  the  top  margin. 

3)  BOTTOM.MARGIN:  specifies  the  minimum  number  of  lines  left  Wank  in  the  bottom  of 
the  page.  The  number  of  lines  available  for  the  listing  of  the  program  is  LINES 
PER_PAGE  -  TOP-MARGIN  -  BOTTOM-MARGIN. 

4)  OUT-LINELENGTH:  specifies  the  maximum  number  of  characters  written  on  each  line. 
Lines  longer  than  OUT.UNELENGTH  are  separated  into  two  lines. 

3)  SUPPRESS.ERRORNO:  specifies  the  format  of  error  messages  (see  Section  5.3.5. 1). 


The  name  of  a  user-supplied  configuration  file  can  be  passed  to  the  compiler  through  the 
configuration-file  option.  DDC-I  supplies  a  default  configuration  file  (config)  with  the  following 
content: 
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((ASCII.  126),  (48.5,3, 10OFALSE).  200) 


Top 

•virgin 


Umi 

P*r 

p4«« 


lotto* 

■virgin 


i 


Outjinejength 


Figure  5- 1.  Page  Layout 


5.3  Compiler  Output 

The  compiler  may  produce  output  in  the  list  file,  the  diagnostic  file,  and  the  current  output  file. 
It  also  updates  the  program  library  if  the  compilation  is  successful  The  present  section  describes 
the  text  output  in  the  three  files  mentioned  above.  The  'tpdaring  of  the  program  library  is 
described  in  Section  5.4. 


The  compiler  may  produce  the  following  text  output: 

1)  A  listing  of  the  source  text  with  embedded  diagnostic  messages  is  written  on  the  list  file, 
if  the  option  -list  is  active. 

2)  A  compilation  summary  is  written  on  the  list  file,  if  -list  is  active. 

3)  A  cross-reference  listing  is  written  on  the  list  file,  if  -xref  is  active  and  no  severe  or  fatal 
errors  have  been  detected  luring  the  compilation. 

4)  If  there  are  any  diagnostic  messages,  a  diagnostic  file  containing  the  diagnostic  messages 
is  written. 

5)  Diagnostic  messages  other  than  warnings  are  written  on  the  current  output  file. 


44 


DACS- 80x86  User's  Guide 
Ada  Compiler 


S  J.1  The  List  File 

The  name  of  the  list  file  is  identical  to  the  name  of  the  source  file  except  that  it  has  the  file  type 
"Jis".  The  file  is  located  in  the  current  (default)  directory.  If  any  such  file  exists  prior  to  the 
compilation,  the  newest  version  of  the  file  is  deleted.  If  the  user  requests  any  listings  by 
specifying  the  options  -list  or  -xref,  a  new  list  file  is  created. 

The  list  file  may  include  one  or  more  of  the  following  parts:  a  source  listing,  a  cross-reference 
listing,  and  a  compilation  summary. 

The  pans  of  the  list  file  are  separated  by  page  ejects.  The  contents  of  each  pan  are  described  in 
the  following  sections. 

The  format  of  the  output  on  the  list  file  is  controlled  by  the  configuration  file  (see  Section  5.2.2) 
and  may  therefore  be  controlled  by  the  user. 


5J.1.1  Source  Listing 

A  source  listing  is  an  unmodified  copy  of  the  source  text.  The  listing  is  divided  into  pages  and 
each  line  is  supplied  with  a  line  number. 

The  raunber  of  lines  output  in  the  source  listing  is  governed  by  the  occurrence  of  LIST  pragmas 
and  the  number  of  objectionable  lines. 

•  Parts  of  the  listing  can  be  suppressed  by  the  use  of  the  LIST  pragma. 

•  A  line  containing  a  construct  that  caused  a  diagnostic  message  to  be  produced  is  printed  even 
if  it  occurs  at  a  point  where  listing  has  been  suppressed  by  a  LIST  pragma. 


5J.12  Compilation  Summary 

At  the  end  of  a  compilation,  the  compiler  produces  a  summary  that  is  output  on  the  list  file  if  the 
option  -list  is  active. 

The  summary  contains  information  about: 

1)  The  type  and  name  of  the  compilation  unit,  and  whether  it  has  been  compiled  successfully 
or  not. 

2)  The  number  of  diagnostic  messages  produced  for  each  class  of  severity  (see  Section 
5.32.1). 

3)  Which  options  were  active. 

4)  The  full  name  of  the  source  file. 

5)  The  full  name  of  the  current  subiibrary. 

6)  The  number  of  source  text  lines. 
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7)  The  size  of  the  code  produced  (specified  in  bytes). 

8)  Elapsed  real  time  and  elapsed  CPU  time. 

9)  A  "Compilation  terminated"  message  if  the  compilation  unit  was  the  last  in  the  compilation 
or  "Compilation  of  next  unit  initiated"  otherwise. 


SJ.1J  Cross-Reference  Listing 

A  cross-reference  listing  is  an  alphabetically  sorted  list  of  the  identifiers,  operators,  and  character 
literals  of  a  compilation  unit.  The  list  has  an  entry  for  each  entity  declared  and/or  used  in  the 
unit,  with  a  few  exceptions  stated  below.  Overloading  is  evidenced  by  the  occurrence  of  multiple 
entries  for  the  same  identifier. 

For  instantiations  of  generic  units,  the  visible  declarations  of  the  generic  unit  are  included  in  the 
cross-reference  listing  as  declared  immediately  after  the  instantiation.  The  visible  declarations  are 
die  subprogram  parameters  for  a  generic  subprogram  and  the  declarations  of  the  visible  pan  of  the 
package  declaration  for  a  generic  package. 

For  type  declarations,  all  implicitly  declared  operations  are  included  in  the  cross-reference  listing. 

Cross-reference  information  will  be  produced  for  every  constituent  character  literal  for  string 
literals. 

The  following  are  not  included  in  the  cross  reference  listing: 

•  Pragma  identifiers  and  pragma  argument  identifiers. 

•  Numeric  literals. 

•  Record  component  identifiers  and  discriminant  identifiers.  For  a  selected  name  whose  selector 
denotes  a  record  component  or  a  discriminant,  only  the  prefix  generates  cross-reference 
information. 

•  A  parent  unit  name  (following  the  keyword  SEPARATE). 


Each  entry  in  the  cross-reference  listing  contains: 

•  The  identifier  with,  at  most.  IS  characters.  If  the  identifier  exceeds  IS  characters,  a  bar  ("l") 
is  written  in  the  16th  position  and  the  rest  of  the  characters  are  not  printed. 

•  The  place  of  the  definition,  Le.,  a  line  number  if  the  entity  is  declared  in  the  current 
compilation  unit,  otherwise  the  name  of  the  compilation  unit  in  which  the  entity  is  declared 
and  the  line  number  of  the  declaration. 

•  The  numbers  of  the  lines  in  which  the  entity  is  used.  An  asterisk  ("*")  after  a  line  number 
indicates  an  assignment  to  a  variable,  initialization  of  a  constant,  assignments  to  functions,  or 
user-defined  operators  by  means  of  RETURN  statements.  Please  refer  to  Appendix  B.3  for 
examples. 
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SJJ  The  Diagnostic  File 

The  name  of  the  diagnostic  file  is  identical  to  the  name  of  the  source  file  except  that  it  has  the 
file  type  '.err'*.  It  is  located  in  the  current  (default)  directory.  If  any  such  file  exists  prior  to  the 
compilation,  the  newest  version  of  the  file  is  deleted.  If  any  diagnostic  messages  are  produced 
during  the  compilation  a  new  diagnostic  file  is  created. 

The  diagnostic  file  is  a  text  file  containing  a  list  of  diagnostic  messages,  each  followed  by  a  line 
showing  the  number  of  the  line  in  the  source  text  causing  the  message,  and  a  blank  line.  There 
is  no  separation  into  pages  and  no  headings.  The  file  may  be  used  by  an  interactive  editor  to 
show  the  diagnostic  messages  together  with  the  erroneous  source  text. 


5J11  Diagnostic  Messages 

The'  Ada  compiler  issues  diagnostic  messages  on  the  diagnostic  file.  Diagnostics  other  than 
warnings  also  appear  on  tire  current  output  file.  If  a  source  text  listing  is  required,  the  diagnostics 
are  also  found  embedded  in  the  list  file  (see  Section  5.3.1). 

In  a  source  listing,  a  diagnostic  message  is  placed  immediately  after  the  source  line  causing  the 
message.  Messages  not  related  to  any  particular  line  are  placed  at  the  top  of  the  listing.  Every 
diagnostic  message  in  the  diagnostic  file  is  followed  by  a  line  stating  the  line  number  of  the 
objectional  line.  The  lines  are  ordered  by  increasing  source  line  numbers.  Line  number  0  is 
assigned  to  messages  not  related  to  any  particular  line.  On  the  current  output  file  the  messages 
appear  in  the  order  in  which  they  are  generated  by  the  compiler. 

The  diagnostic  messages  are  classified  according  to  their  severity  and  the  compiler  action  taken: 


Warning:  Reports  a  questionable  construct  or  an  error  that  does  not  influence  the  meaning  of  the 
program.  Warnings  do  not  hinder  the  generation  of  object  code. 

Example:  A  warning  will  be  issued  for  constructs  for  which  the  compiler  detects  will 
raise  CONSTRAINT JERROR  at  run  time. 


Error  Reports  an  illegal  construct  in  the  source  program.  Compilation  continues,  but  no  object 
code  will  be  generated. 

Examples:  most  syntax  errors;  most  static  semantic  errors. 


Severe  Reports  an  error  which  causes  the  compilation  to  be  terminated  immediately, 
error  No  object  code  is  generated. 

Example:  A  severe  error  message  will  be  issued  if  a  library  urut  mentioned  by  a 
WITH  clause  is  not  present  in  the  current  program  library. 
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Fatal  Repons  an  error  in  the  compiler  system  itself.  Compilation  is  terminated  immediately 

error.  and  no  object  code  is  produced.  The  user  may  be  able  to  circumvent  a  fatal  error  by 

correcting  the  program  or  by  replacing  program  constructs  with  alternatives.  Please 
inform  DDC-I  about  the  occurrence  of  fatal  errors. 


The  detection  of  more  errors  dun  allowed  by  the  number  specified  by  the  ERROR _LI MIT 
parameter  of  the  configuration  file  (see  section  5.2.2)  is  considered  a  severe  error. 


S3JL2  Format  and  Content  of  Diagnostic  Messages 

For  certain  syntactically  incorrect  constructs,  the  diagnostic  message  consists  of  a  pointer  line  and 
a  text  line.  In  other  cases  a  diagnostic  message  consists  of  a  text  line  only. 

The  pointer  line  contains  a  pointer  (a  carat  symbol  A)  to  the  offending  symbol  or  to  an  illegal 
character. 

The  text  line  contains  the  following  information; 

•  the  diagnostic  message  identification  "• * ***" 

•  the  message  code  XY-Z  where 

X  is  the  message  number 

Y  is  the  severity  code,  a  letter  showing  the  severity  of  the  error. 

W;  warning 
E:  error 
S:  severe  error 
F:  fatal  error 

Z  is  an  integer  which,  together  with  the  message  number  X.  uniquely  identifies  the  compiler 
location  that  generated  the  diagnostic  message;  Z  is  of  importance  mainly  to  the  compiler 
maintenance  team  -  it  does  not  contain  information  of  interest  to  the  compiler  user. 

The  message  code  (with  the  exception  of  the  severity  code)  will  be  suppressed  if  the 
parameter  SUPPRESS_ERROR_NO  in  the  configuration  file  has  the  value  TRUE  (see 
section  5.2.2). 

•  the  message  text;  the  text  may  include  one  context  dependent  field  that  contains  the  name  of 
the  offending  symbol;  if  the  name  of  the  offending  symbol  is  longer  than  16  characters  only 
the  first  16  characters  are  shown. 

Examples  of  diagnostic  messages: 

18W-3:  Naming:  Exception  CONSTRAINT_ERROR  will  ba  raised  here 

***  320E-2 :  Name  OBJ  does  not  denote  a  type 
***  535E-0:  Expression  in  return  statement  missing 
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***  1508S-0:  Specification  for  this  package  body  not  present  in  the  library 


5.4  The  Program  Library 

This  section  briefly  describes  how  the  Ada  compiler  changes  the  program  library.  For  a  more 
general  description  of  the  program  library,  the  user  is  referred  to  Chapter  3. 

The  compiler  is  allowed  to  read  from  all  sublibraries  constituting  the  current  program  library,  but 
only  the  current  sublibrary  may  be  changed. 


5.4.1  Correct  Compilations 

In  the  following  examples  it  is  assumed  that  the  compilation  units  are  correctly  compiled,  i.e.,  that 
no  errors  are  detected  by  the  compiler. 


Compilation  of  a  library  unit  which  is  a  declaration 

If  a  declaration  unit  of  the  same  name  exists  in  the  current  sublibrary,  it  is  deleted  together  with 
its  body  unit  and  possible  subunits.  A  new  declaration  unit  is  inserted  in  the  sublibrary,  together 
with  an  empty  body  unit 

Compilation  of  a  library  unit  which  is  a  subprogram  body 

A  subprogram  body  in  a  compilation  unit  is  treated  as  a  secondary  unit  if  the  current  sublibrary 
contains  a  subprogram  declaration  or  a  generic  subprogram  declaration  of  the  same  name  and  this 
declaration  unit  is  not  invalid.  In  all  ocher  cases  it  will  be  treated  as  a  library  unit.  i.e.: 

•  when  there  is  no  library  unit  of  that  name 

•  when  there  is  an  invalid  declaration  unit  of  that  name 

•  when  there  is  a  package  declaration,  generic  package  declaration,  an  instantiated  package,  cr 
subprogram  of  that  name 


Compilation  of  a  library  unit  which  is  an  instantiation 

A  possible  existing  declaration  unit  of  that  name  in  the  current  sublibrary  is  deleted  together  with 
its  body  unit  and  possible  subunits.  A  new  declaration  unit  is  inserted. 


Compilation  of  a  secondary  unit  which  is  a  library  unit  body 

The  existing  body  is  deleted  from  the  sublibrary  together  with  its  possible  subunits.  A  new  body 
unit  is  inserted. 
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Compilation  of  a  secondary  unit  which  is  a  subunit 

If  the  subunit  exists  in  the  subiibrary  it  is  deleted  together  with  its  possible  subunits.  A  new 
subunit  is  inserted. 


5.42  Incorrect  Compilations 

If  the  compiler  detects  an  error  in  a  compilation  unit,  the  program  library  will  remain  unchanged. 

Note  that  if  a  file  consists  of  several  compilation  units  and  an  error  is  detected  in  any  of  these 
compilation  units,  the  program  library  will  not  be  updated  for  any  of  the  compilation  units. 


Si  Instantiation  of  Generic  Units 

This  section  describes  the  rules  after  which  generic  instantiation  is  performed. 


5i.l  Order  of  Compilation 

When  instantiating  a  generic  unit,  it  is  .equired  that  the  entire  unit,  including  body  and  possible 
subunits,  be  compiled  before  the  first  instantiation.  This  is  in  accordance  with  the  ARM  Chapter 
10.3  (1). 


5JJ  Generic  Formal  Private  Types 

The  present  section  describes  the  treatment  of  a  generic  unit  with  a  generic  formal  private  type, 
where  there  is  some  construct  in  the  generic  unit  that  requites  that  the  corresponding  actual  type 
must  be  constrained  if  it  is  an  array  type  or  a  type  with  discriminants,  and  there  exists 
instantiations  with  such  an  unconstrained  type  (see  ARM.  Section  12.32(4)).  This  is  considered 
an  illegal  combination.  In  some  cases  the  error  is  detected  when  the  instantiation  is  compiled,  in 
other  cases  when  a  constraint-requiring  construct  of  the  generic  unit  is  compiled: 

1)  If  the  instantiation  appears  in  a  later  compilation  unit  than  the  first  constraint-requiring 
construct  of  the  generic  unit,  the  error  is  associated  with  the  instantiation  which  is  rejected 
by  the  compiler. 

2)  If  the  instantiation  appears  in  the  same  compilation  unit  as  the  first  constraint-requiring 
construction  of  the  generic  unit,  there  are  two  possibilities: 

a)  If  there  is  a  constraint-requiring  construction  of  the  generic  unit  after  the  instantiation, 
an  error  message  appears  with  the  instantiation. 

b)  If  the  instantiation  appears  after  all  constraint  requiring  constructs  of  the  generic  unit 
in  that  compilation  unit,  an  error  message  appears  with  the  constraint-requiring 
construct,  but  will  refer  to  the  illegal  instantiation. 
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3)  The  instantiation  appears  in  an  earlier  compilation  unit  than  the  first  constraint- requiring 
construction  of  the  generic  unit,  which  in  that  case  will  appear  in  the  generic  body  or  a 
subunit  If  the  instantiation  has  been  accepted,  the  instantiation  will  correspond  to  the 
generic  declaration  only,  and  not  include  the  body.  Nevertheless,  if  the  generic  unit  and 
the  instantiation  are  located  in  the  same  sublibrary,  then  the  compiler  will  consider  it  an 
error.  An  error  message  will  be  issued  with  the  constraint-requiring  construct  and  will  refer 
to  the  illegal  instantiation.  The  unit  containing  the  instantiation  is  not  changed,  however, 
and  will  not  be  merited  as  invalid. 


5.6  Uninitialized  Variables 

Use  of  uninitialized  variables  is  not  flagged  by  the  compiler.  The  effect  of  a  program  that  refers 
to  the  value  of  an  uninitialized  variable  is  undefined.  A  cross-reference  listing  may  help  to  find 
uninitialized  variables. 


5.7  Program  Structure  and  Compilation  Issues 

The  following  limitations  apply  to  the  DACS-80x86  Ada  Compiler  Systems  for  the  Real  Address 

Mode  and  286  protected  mode  only: 

•  The  Ada  compiler  supports  a  "modified  large”  memory  model  for  data  references.  The 
"modified  large"  memory  model  associates  one  data  segment  for  each  hierarchical  sublibrary  in 
the  Ada  program  library.  All  package  data  declared  within  a  sublibrary  is  efficiently  referenced 
from  Ada  code  compiled  into  the  same  sublibrary.  A  slight  increase  in  code  size  results  from 
referencing  package  data  compiled  into  a  different  hierarchical  level.  Intel’s  medium  memory 
model  can  thus  be  obtained  by  utilizing  only  one  level  of  Ada  program  library,  the  root 
sublibrary. 

•  The  Ada  compiler  supports  a  large  memory  model  for  executable  code.  Although  the  size  of 
a  single  compilation  unit  is  restricted  to  32K  words,  the  total  size  of  the  code  portion  of  a 
program  is  not  restricted. 

•  The  space  available  for  the  static  data  of  a  compilation  unit  is  64K  -  20  bytes. 

•  The  space  available  for  the  code  generated  for  a  compilation  unit  is  limited  to  32K  words. 

•  Any  single  object  cannot  exceed  64K  -  20  bytes. 

The  following  limitations  apply  to  all  DACS- 80x86  products: 

•  Each  source  file  can  contain,  at  most,  32,767  lines  of  code. 

•  The  name  of  compilation  units  and  identifiers  may  not  exceed  the  number  of  characters  given 
in  the  INPUT J.INELENGTH  parameter  of  the  configuration  file. 

•  An  integer  literal  may  not  exceed  the  range  of  LONG.INTEGER,  a  real  literal  may  not  exceed 
the  range  of  LONG.FLOAT. 
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•  The  number  of  formal  parameters  permitted  in  a  procedure  is  limited  to  127  per  parameter 
specification.  There  is  no  limit  on  the  number  of  procedure  specifications.  For  example,  the 
declaration: 

procedure  OVER  LIMIT  (INTEGER01, 

INTEGER02. 

INTEGER! 66 :  in  INTEGER); 

exceeds  the  limit,  but  the  procedure  can  be  accomplished  with  the  following: 

procedure  UNDER  LIMIT  (INTEGER01  :  in  INTEGER; 

INTEGER02  :  in  INTEGER; 

INTEGER! 66  :  in  INTEGER); 

The  above  limitations  are  diagnosed  by  the  compiler.  In  practice  these  limitations  are  seldom 
restrictive  and  may  easily  be  circumvented  by  using  subunits,  separate  compilation,  or  creating  new 
sublibraries. 


SJ  Compiler  Code  Optimizations 

DDC-I’s  Ada  compiler  for  the  iAPX  80x86  microprocessor  family  generates  compact,  efficient 
code.  This  efficiency  is  achieved,  in  put,  by  the  compiler's  global  optimizer.  Optimizations 
performed  include: 

•  Common  subexpression  elimination 

•  Elimination  of  redundant  constraint  checks 

•  Elimination  of  redundant  elaboration  checks 

•  Constant  folding 

•  Dead  code  elimination 

•  Optimal  register  allocation 

•  Selection  of  optimal  jumps 

•  Optional  run-time  check  suppression 
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The  linker  options  of  this  Ada  implementation,  as  described  in  this 
Appendix,  are  provided  by  the  customer.  Unless  specifically  noted 
otherwise,  references  in  this  appendix  are  to  linker  documentation  and 
not  to  this  report. 


B-2 


6  THE  ADA  LINKER 


The  DACS  linker  must  be  executed  to  create  an  executable  program  in  the  target  environment 
Linking  is  a  two  stage  process  that  includes  an  Ada  link  using  the  compilation  units  in  the  Ada 
program  library,  and  a  target  link  to  integrate  the  application  code,  run-time  code,  and  any 
additional  configuration  code  developed  by  the  user.  The  linker  performs  these  two  stages  with  a 
single  command,  providing  options  for  controlling  both  the  Ada  and  target  link  processes. 

This  chapter  describes  the  link  process,  except  for  those  options  that  configure  the  Run-Time 
System,  which  is  described  in  detail  in  Chapter  7. 


6.1  Invoking  the  Linker 

Enter  the  following  command  at  the  shell  to  invoke  the  linker 
$  ada_ link  {<option>}  <unit-name> 
where  the  options  parameters  are: 

Ada  Linker  Options 


OPTION  DESCRIPTION  REFERENCE 


-[nojdebug  Links  an  application  for  use  with  the  6.S.11 

DACS-80x86  Symbolic  Cross  Debugger. 

-«nable_task_trace  Enables  trace  when  a  task  terminates  in  6.5.28 

unhandled  exception. 

-exception_space  Defines  area  for  exception  handling  in  task  stack.  6.529 

-[no Extract  Extracts  Ada  Object  modules  6.5.14 

-interrupt_entry_table  Range  of  interrupt  entries.  6.5.27 

-library  ”  The  library  used  in  the  link.  6.5.7 

•[no]log  Specifies  creation  of  a  log  file.  6.5.9 

•lt_segment_size  Library  task  default  segment  size.  6.523 

-lt_stack_size  Library  task  default  stack  size.  6.5.22 

•nip_segri>ent_size  Main  program  segment  size.  6.5.25 

•mp~stack_size  Main  program  stack  size.  6.524 

-[nolnpx  ~  Use  of  the  80x87  numeric  coprocessor.  6.5.16 

options  Specifies  target  link  options.  6.5.6 

•priority  Default  task  priority.  6.5.18 

-reserve_sttck  Size  of  reserve  stack.  6.521 

-rms  '  Select  Rate  Monotonic  Scheduling  Run-Tune  6.5.13 

Kernel  (optional). 

Using  non-DDC-I  units  in  the  root  library. 


-[no]root_r*tract 
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-(no]rts 

Includes  or  excludes  the  run-time  system. 

6.5.12 

•searchlib 

Target  libraries  or  object  modules  to  include 
in  target  link. 

6.5.4 

•selective-link 

Removes  uncalled  code  from  final  program. 

6.5.8 

-signon 

Produce  sign  on  and  sign  off  messages. 

6.5.30 

-stop_before_link 

Performs  Ada  link  only. 

6.5.5 

•tasks 

Maximum  number  of  tasks  or  non-tasking 
application. 

6.5.17 

-task_storage_size 

Tasks  default  storage  size. 

6.5.26 

-template 

Specifies  template  file. 

6.5.15 

•timer 

Tuner  resolution. 

6.5.20 

•timejdke 

Task  time  slicing. 

6.5.19 

All  options  may  be  abbreviated  (characters  omitted  from  the  right)  as  long  as  no  ambiguity  arises. 
Casing  is  significant  for  options  but  not  for  options  keywords. 

Note:  Several  simultaneous  links  of  the  same  program  should  not  be  performed  in  the  same 
directory. 


6.1.1  Diagnostic  Messages 

Diagnostic  messages  from  the  Ada  Linker  are  output  on  the  current  output  file  and  on  the  optional 
log  file.  The  messages  are  output  in  the  order  they  are  generated  by  the  linker. 

The  linker  may  issue  two  kinds  of  diagnostic  messages:  warnings  and  severe  errors. 

A  warning  reports  something  which  does  not  prevent  a  successful  linking,  but  which  might  be  an 
error.  A  warning  is  issued  if  there  is  something  wrong  with  the  body  unit  of  a  program  unit 
which  formally  does  not  need  a  body  unit.  e.g.  if  the  body  unit  is  invalid  or  if  there  is  no  object 
code  container  for  the  body  unit.  Warnings  are  only  output  on  the  log  file,  not  on  the  current 
output  file.  The  linking  summary  on  the  log  file  will  contain  the  total  number  of  warnings  issued, 
even  if  the  issued  warnings  have  not  been  output. 

A  severe  error  message  reports  an  error  which  prevents  a  successful  linking.  Any  inconsistency 
detected  by  the  linker  will,  for  instance,  cause  a  severe  error  message,  e.g.  if  some  required  unit 
does  not  exist  in  the  library  or  if  some  time  stamps  do  not  agree.  If  the  linker  is  used  for 
consequence  examination,  all  inconsistencies  introduced  by  the  hypothetical  recompilations  are 
reported  as  errors. 

A  unit  not  marked  as  invalid  in  the  program  library  may  be  reported  as  being  invalid  by  the 
linker  if  there  is  something  wrong  with  the  unit  itself  or  with  some  of  the  units  it  depends  on. 


62  The  Linking  Process 

The  linking  process  can  be  viewed  as  two  consecutive  processes.  Both  are  automatically  carried 
out  when  issuing  the  link  command  ada-link. 
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The  first  process  constitutes  the  Ada  link  process  and  the  second  constitutes  the  target  link 
process. 

The  Ada  link  process 

•  retrieves  the  required  Ada  object  modules  from  the  program  library. 

•  determines  an  elaboration  order  for  all  Ada  units, 

•  creates  a  module  containing  the  User  Configurable  Data  (UCD)  from  the  specified  configuration 
options  to  the  linker  and 

•  creates  a  shell  script  that  carries  out  the  target  link  process  (i.e..  dlnkbldx86).  The  locate/build 
phase  is  an  integral  pan  of  the  target  link. 


If  the  option  -stop_before_link  is  NOT  specified  (default),  the  above  script  is  executed 
automatically.  Otherwise  the  linking  process  is  halted  at  this  point 

When  -stop_before_Iink  is  specified,  all  temporary  files  are  retrieved  for  inspection  or 
modification.  The  target  linker  is  invoked  by  executing  the  shell  script. 


62.1  Temporary  Files 

The  following  temporary  files  are  in  use  during  the  link  phase: 

<main_program>_link.com  The  shell  script  which  invokes  the  target  linker. 

<main_program>_elabcode.o  The  object  code  for  the  calling  sequence  of  the  elaboration 

code. 

<main_program>_ucd.o  The  object  code  generated  from  the  RTS  configuration 

options  (see  Section  12). 

<main_program>_uxxxxx.o  The  Ada  object  modules  which  have  been  extracted  from  the 

program  library,  xxxxx  is  the  unit  number  of  the  Ada  unit. 
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Figure  6*3.  The  Linking  Process 


The  following  components  make  up  the  run-time  system: 

1)  User  configurable  portion  of  the  RTS 

a)  User  configurable  data  (UCD)  and 

b)  User  configurable  code  (UCQ 

2)  Permanent  pan  of  the  RTS 

a)  Non-tasking  RTS  (rllJib)  or 

b)  Tasking  RTS  (rl2Jib) 

c)  RMS  Tasking  RTS  (rl3Jib) 

The  User  Configurable  Code  defined  by  the  environmental  variable  ada_ucc_Iib  is  included  in  the 
link.  If  no  tasking  has  been  specified,  then  the  RTS  non-tasking  library~(rl  Llib)  will  be  included. 
If  tasking  has  been  specified,  then  support  for  tasking  will  be  included  (rl2Jib  or,  when  -rms, 
rl3.1ib). 
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The  output  of  the  linker  step  is  an  absolute  executable  object  file  with  the  extension  \dat"  and 
a  map  file  with  the  extension  H.mp5". 


6.22  Environmental  Variables 

When  a  link  is  executed,  a  number  of  files  are  referred  to  and  most  are  accessed  through 
environmental  variables.  The  locate/build  phase  uses  the  control  file  $ada_ucc_dir/config.bld_ddci, 
the  remaining  variables  are: 


VARIABLE 

PURPOSE 

ada_system_library 

Identifies  the  root  library  where  the  system  compilation  units  reside. 

adajibrary 

Identifies  the  default  library  used  by  all  DACS-80x86  tools.  It  is  the 
lowest  level  sublibrary  in  the  program  library  hierarchy. 

ada_root_lib 

Identifies  the  OMF  library  where  the  system  library  units  have  been 
extracted  from  the  system  library.  By  having  a  separate  Library  for  the 
root  compilation  units,  the  link  process  is  much  faster  than  otherwise 
having  to  extract  each  unit  from  the  system  library  for  each  link. 

ada_rll_lib 

Identifies  the  OMF  library  for  the  Permanent  Part  of  the  non-tasking 
version  of  the  Run-Time  System. 

ada_rl2_Iib 

Identifies  the  OMF  library  for  the  Permanent  Pan  of  the  tasking  version 
of  the  Run-Tune  System. 

ada_rl3_lib 

Identifies  the  OMF  library  for  the  Permanent  Pan  of  the  optional  Rate 
Monotonic  scheduling  Run-Time  System. 

ada.uccjib 

Identifies  the  OMF  library  for  the  User  Configurable  Code  portion  of 
the  Run-Tune  System. 

ada-template 

Identifies  the  template  file  for  the  Linker. 

ada_ucc_dir 

Identifies  the  directory  of  the  current  UCC. 

With  each  of  these  environmental  variables,  the  name  will  differ  depending  on  how  the  system 
was  installed  (ada86,  adal86  etc).  Throughout  this  document  ada  is  assumed.  For  example,  the 
environmental  variables  for  the  root  library  for  the  80186  version  of  the  compiler  would  be 
adal86_rootJib,  and  the  RTS  UCC  library  environmental  variables  for  the  8086  version  would 
be  ada86_ucc_Ub. 
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63  Run-Time  System  Overview 

The  Run-Time  System  for  DACS-80x86  is  defined  as  all  code  and  data,  other  than  the  code  and 
data  produced  by  the  code  generator,  required  to  make  an  embedded  system  application  operate 
properly  on  a  specific  hardware  system. 

In  general,  there  are  two  major  components  that  make  up  the  Run-Time  System. 

1)  Code  and  data  assumed  to  exist  by  the  code  generator.  This  is  hardware  independent  and 
known  as  the  RTS  Permanent  Pan. 

2)  Code  and  data  tailoring  the  application  with  respect  to  the  characteristics  of  the  hardware 
and  other  requirements  of  the  embedded  systems  developer.  This  code  is  called  the  RTS 
User  Configurable  Part 

Both  of  the  above  components  consist  of  modular  OMF  libraries.  The  modules  are  only  included 
in  the  user  program  if  they  are  needed,  i.e..  if  a  call  or  reference  is  made  to  the  module.  This 
ensures  a  compact  RTS  (typical  applications  are  4  KB  to  10  KB). 

The  RTS  Permanent  Pan  does  not  make  any  assumptions  about  the  hardware  other  than  an  80x86 
and  some  amount  of  memory  available. 

There  are  several  versions  of  the  RTS  User  Configurable  Pan  available  for  different  development 
targets.  Also,  the  source  code  is  provided  to  allow  the  modification  of  the  User  Configurable 
Code  (UCC)  to  operate  on  other  targets.  Refer  to  the  RTS  Configuration  Guide  for  complete 
information  on  modifying  the  UCC. 

DDC-I  has  carefully  analyzed  and  selected  the  pans  of  the  Run-Time  System  that  must  be 
configurable  for  hardware  independence,  freeing  the  user  from  major  rewrites  whenever  the 
Run-Time  System  is  retargeted  while,  still  allowing  for  almost  unlimited  adaptability. 

Four  important  features  of  the  run-time  system  are: 

•  It  is  small 

•  It  is  completely  ROMable 

•  It  is  configurable 

•  It  is  efficient 


Conceptually,  an  Ada  run-time  system  can  be  viewed  as  consisting  of  the  following  components: 

•  Executive,  i.e.,  the  start-up  mechanism 

•  Storage  Management 

•  Tasking  Management 

•  Input/Output 

•  Exception  Handling 
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•  Run-Time  Library  Routines 

•  Package  CALENDAR  support  routines 


The  run-time  system  (RTS)  can  be  configured  by  the  user  through  Ada  Linker  command  options. 
The  Ada  Linker  will  generate  appropriate  data  structures  to  represent  the  configured  characteristics 
(UCD). 

Two  versions  of  the  RTS  are  supplied,  one  including  tasking  and  one  excluding  tasking.  The 
linker  selects  the  RTS  version  including  tasking  only  if  the  opdon  -tasks  is  present  or  -tasks  n 
is  present  and  n  >  0.  Otherwise,  the  linker  selects  the  RTS  version  excluding  tasking. 


6.4  Linker  Elaboration  Order 

The  elaboration  order  is  primarily  given  by  the  unit  dependencies,  but  this  leaves  some  freedom 
here  and  there  to  arbitrarily  choose  between  two  or  more  alternatives.  This  arbitrary  is  in  the 
DACS-80x86  linker  controlled  by  the  spelling  of  the  involved  library  units,  in  order  for  "free” 
units  to  become  alphabetically  sorted. 

Recompiling  from  scratch,  an  entire  system  may  thus  affect  the  allocation  of  unit  numbers,  but  the 
elaboration  order  remains  the  same. 

It  is  also  attempted  to  elaborate  "body  after  body",  so  that  a  body  having  a  with  to  a  specification, 
will  be  attempted  elaborated  after  the  body  of  this  specification. 

Also  elaboration  of  units  from  different  library  levels  is  attempted  to  complete  elaboration  of  a 
father-level  prior  to  the  son-leveL 

This  strategy  should  in  many  cases  reduce  the  need  for  resetting  pragma  ELABORATE 


6-5  Ada  Linker  Options 

This  section  describes  in  detail  the  Ada  linker  option  and  parameters. 


6-5.1  The  Parameter  <unit-name> 

<unit-natne> 

The  <unit_name>  must  be  a  library  unit  in  the  current  program  library,  but  not  necessarily  of  the 
current  sublibrary. 

Note  that  a  main  program  must  be  a  procedure  without  parameters,  and  that  <unit-name>  is  the 
identifier  of  the  procedure,  not  a  file  specification.  The  mam  procedure  is  not  checked  for 
parameters,  but  the  execution  of  a  program  with  a  main  procedure  with  parameters  is  undefined. 
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6JJ  The  Parameter  <recompflatkxi*spco 
The  syntax  of  <recompilation-speo  is: 

<unit_sp«o(-body(-spedficatioo][,~.] 

This  parameter  tells  the  linker  to  perform  a  consistency  check  of  the  entire  program  using  the 
hypothetical  recompilation  of  all  units  designated  in  the  <recompilation-speo.  The  link  process 
in  this  instance  is  not  actually  performed. 

The  <unit_speo  is  a  list  of  unit-names  (wildcards  are  allowed),  separated  by  comma  (.)  or  plus 
(+).  Each  unit-name  should  include  an  option  to  indicate  if  the  body  or  specification  is  to  be 
hypothetically  compiled  (-spec  is  the  default). 


5J  Required  Recompilations 

If  the  consistency  check  found  that  recompilations  are  required,  a  list  of  required  recompilations 
is  written  to  the  current  output  file  or  to  a  text  file  if  the  -log  option  is  specified  (the  name  of 
the  text  file  is  indicated  in  the  log  file,  line  8).  The  list  will  include  any  inconsistencies  detected 
in  the  library  and  recompilations  required  by  the  hypothetical  recompilations  specified  with  the 
options  -declaration  and  -body. 

The  entries  in  the  list  contain: 

1)  The  unit  name. 

2)  Indication  of  what  type  of  unit  (declaration  unit,  body  unit,  or  subunit). 

3)  If  the  unit  is  specified  as  recompiled  with  the  -declaration  or  -body  option,  it  is  marked 
with  "-R-". 

4)  The  environmental  variable  of  the  sublibrary  containing  the  unit. 

In  the  recompilation  list  the  units  are  listed  in  a  recommended  recompilation  order,  consistent  with 
the  dependencies  among  the  units. 


6i.4  -searchlib 

-seardilib  <fUe_name>  {,<flle_name>} 

The  -searchlib  option  directs  the  Ada  Linker  to  search  the  specified  80x86  target  libraries  for 
object  modules  in  order  to  resolve  symbol  references.  The  80x86  target  libraries  for  object  files 
will  be  searched  before  the  DACS  Rim-Time  System  (RTS)  library  normally  searches  for  run-time 
routines;  in  this  way  one  can  replace  the  standard  DACS  RTS  routines  with  custom  routines. 

The  -searchlib  option  is  also  intended  to  specify  libraries  of  modules  referenced  from  Ada  via 
pragma  INTERFACE. 
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Examples: 

$  ede.Hnk  -search  Ub  interface  Jib  p 

Links  the  subprogram  p.  resolving  referenced  symbols  first  with  the  target  library  interface _Ub 
and  then  with  the  standard  RTS  target  library. 


6JJ  -stop .before Jink 
-stop_beforeJink 

The  -stopjreforejlnk  option  allows  the  user  to  introduce  assemblers  and  linkers  from  third 

patties  or~to  otherwise  configure  the  link  to  suit  the  application.  The  link  is  halted  with  the 

following  conditions: 

•  The  user  configurable  data  file.  <main>_ucd.o.  is  produced  with  the  default  or  user  specified 
linker  option  values  included. 

•  The  elaboration  code  is  contained  in  the  <main>_elabcode.o  file. 

•  The  shell  script  file  that  contains  the  link  command  is  present  and  has  not  been  executed.  The 
file's  name  is  <main>  Jink.com. 

•  The  temporary  Ada  object  filefs)  used  by  the  target  linker  are  produced.  These  objects  are 
linked  and  deleted  when  <main>_link.ctxn  is  executed. 

•  With  -selective Jink  the  object  files  comprise  all  Ada  units  including  those  from  the  root 
library.  At  this  point  it  is  possible  to  disassemble  the  "cut"  object  files  using  -object  with  the 
disassembler. 

To  complete  the  link,  the  <main>_link.com  script  must  be  executed.  To  use  third  patty  tools,  this 

file  may  have  to  be  modified. 


6Jj6  -options 

•options  <parameter> 

•options  allow  the  user  to  pass  options  onto  the  target  linker. 
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6J.7  <115007 

•Ubrmry  <fUe-name> 

-library  $ada  Jibrary  (default) 

The  -library  option  specifies  the  current  sublibrary,  horn  which  the  linking  of  the  main  unit  will 
take  place.  If  this  option  is  not  specified,  the  sublibnry  specified  by  the  environmental  variable 
adaJibrary  is  used. 


6J.8  -selective Jink 
-selective  Jink 


This  extracts  all  requited  object  modules  from  the  Ada  library  (including  the  root  library)  and  cuts 
out  exactly  those  parts  that  are  actually  called,  in  order  to  make  the  resulting  target  program 
considerably  smaller.  If  a  program  uses  e.g.  PUT_UNE  as  the  only  routine  from  TEXTJO,  the 
contribution  from  the  TEXTJO  object  module  will  only  contain  PUTJJNE  (and  whatever  that 
needs).  -Note  that  disassemblies  of  units  used  in  a  selective  link  normally  will  not  match  what  is 
linked,  because  of  the  cutting.  Such  disassemblies  may  though  be  obtained  by  disassembling 
directly  those  units  that  made  up  the  selective  link,  by  stopping  the  linking  before  the  target  link 
phase  (-stop_beforeJink).  making  disassemblies  using  -object  and  then  resuming  the  link. 

Note  also  that  unused  constants  and  permanent  variables  are  not  removed. 

Only  "level  1"  subprograms  may  be  removed.  Nested  subprograms  (that  ate  not  called)  are  to  be 
removed  during  compilation  using  the  -optimize  option.  Nested  subprograms  ate  only  removed, 
if  the  routine  in  which  the  nesting  occurs  is  removed. 


6J.9  -[no]log 

•log  (<file-spe»] 

-nolog  (default) 

The  option  specifies  if  a  log  hie  will  be  produced  from  the  from  end  linker.  As  default,  no  log 
file  is  produced.  If  <file-speo  is  not  entered  with  -log  the  default  file  name  for  the  log  file  will 
be  linkJog  in  the  current  directory. 

The  log  file  contains  extensive  information  on  the  results  of  the  link.  The  hie  includes: 

•  An  elaboration  order  list  with  an  entry  for  each  unit  included,  showing  the  order  in  which  the 
units  will  be  elaborated.  For  each  unit,  the  unit  type,  the  time  stamp,  and  the  dependencies  ire 
shown.  Furthermore,  any  elaboration  inconsistencies  will  be  reported. 


•  A  linking  summary  with  the  following  information: 


•  Parameters  and  active  options. 

•  The  full  name  of  the  program  library  (the  current  sublibrary  and  its  ancestor  sublibraries). 
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•  The  number  of  each  type  of  diagnostic  message. 

•  A  termination  message,  stating  if  the  linking  was  terminated  successfully  or  unsuccessfully  or 
if  a  consequence  examination  was  terminated. 

•  Diagnostic  messages  and  warnings  are  written  on  the  log  file. 


If  recompilations  are  required  (as  a  result  of  the  consistency  check)  a  text  file  is  produced 
containing  excerpts  of  the  log  file.  The  name  of  this  text  file  is  written  in  the  log  file,  line  8. 


The  log  file  consists  of: 

•  Header  consisting  of  the  linker  name,  the  linker  version  number,  and  the  link  time. 

•  The  elaboration  order  of  the  compilation  units.  The  units  are  displayed  in  the  order  elaborated 
with  the  unit  number,  compilation  time,  unit  type,  dependencies,  and  any  linking  errors. 

•  If  recompilations  are  required,  the  units  that  must  be  recompiled  are  listed  along  with  its  unit 
type  and  sublibrary  level. 

•  The  linking  summary  that  includes  the  main  unit  name,  the  program  library,  any  recompilations 
that  are  required,  and  if  any  errors  or  warnings  occurred. 


6J.10  -[no ]root_ex tract 
-root-extract 

-noroot_extract  (default) 

The  units  contained  in  the  Ada  system  library  supplied  by  DDC-1  have  been  extracted  and  inserted 
into  the  Sada_root_lib  OMF  Library,  thus  eliminating  extractions  from  the  system  library  at  link 
time  and  improving  link  performance. 

The  user  should  normally  not  modify  or  compile  into  the  Ada  system  library  supplied  by  DDC-I. 
If  however,  a  unit  is  compiled  into  the  Ada  system  library,  the  SadajrootJib  will  no  longer 
match  the  Ada  system  library  and  -root_extract  must  be  specified  in  order  to  link  from  the  Ada 
system  library. 


6J.11  -[nojdebug 
-debug 

•nodebug  (default) 

The  -debug  option  specifies  that  debug  information  is  generated.  The  debug  information  is 
required  to  enable  symbolic  debugging.  If  -nodebug  is  specified,  the  Ada  linker  will  skip  the 
generation  of  debug  information,  thus  saving  link  time,  and  will  not  insen  the  debug  information 
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into  the  chosen  sublibrary,  thus  saving  disk  space.  Note  that  any  unit  which  should  be 
symbolically  debugged  with  the  DDC-1  Ada  Symbolic  Cross  Debugger  must  also  be  compiled  with 
the  -debug  option. 


6.5.12  -(no)rts 

-rts  (default) 

-norts 

The  -rts  option  directs  the  Ada  Linker  to  include  the  appropriate  Run-Tune  System  (RTS)  in  the 
link,  -norts  directs  the  Ada  Linker  to  exclude  the  RTS  in  the  link. 

The  ability  to  exclude  the  Run-Tune  System  from  the  link  allows  the  user  to  do  an  additional  link 
with  a  private  copy  of  a  custom  RTS.  The  Ada  Linker  may  report  unresolved  references  to  RTS 
routines,  but  will  still  produce  a  relocatable  object  file. 


6J.13  -rms 
-mis 

This  option  selects  the  Rate  Monotonic  Scheduling  Tasking  Kernel  (if  tasking  is  selected).  The 
default  is  to  use  the  Standard  Tasking  Kernel.  This  feature  is  supplied  as  an  option. 


6J.14  -[nojextract 

•extract  (default) 

•noextract 

This  option  to  the  linker  allows  the  user  to  specify  that  program  unit  objects  should  not  be 
extracted  from  the  Ada  program  library.  This  option  would  be  used  if  the  user  knows  that  many 
objects  have  not  changed  since  the  last  link  and  does  not  want  the  linker  to  waste  time  extracting 
them. 

To  use  this  feature,  the  user  should  modify  the  template  to  not  delete  unit  object  files  after  a 
target  link  is  performed.  This  way  the  object  files  remain  in  the  current  directory  (or  wheteever 
the  user  decides  to  put  them),  (hi  subsequent  links  the  user  can  extract  object  modules  of 
modified  units  from  the  Ada  library  using  the  standalone  DACS  extract  tool  A  new  target  link 
can  then  be  performed  using  a  combination  of  newly  extracted  objects  and  the  object  files  from 
previous  links  that  have  gone  unchanged.  This  could  significantly  improve  linker  speed  when 
linking  programs  that  share  common  and  rarely  modified  libraries  and  when  relinking  programs 
that  have  had  only  a  few  units  modified. 
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6J.15  •template 

-template  <file-name> 

•template  Sada.templaie  (default) 

The  template  Hie  is  known  to  the  linker  via  the  environmental  variable  ada  template.  DDC-I 
supplies  a  default  template  file  as  pan  of  the  standard  release  system.  Please  refer  to  appendix  H 
for  detailed  information. 


6i.l6  -npx 


•npx  (default) 

•nonpx 

The  -npx  option  specifies  that  the  80x87  (8087.  80287,  or  80387)  numeric  coprocessor  is  used 
by  the  Ada  program.  When  -npx  is  specified,  the  80x87  is  initialized  by  the  task  initialization 
routine,  the  floating  point  stack  is  reset  during  exception  conditions,  and  the  80x87  context  is 
saved  during  a  task  switch. 


Configurable  Data 


A  16  bit  boolean  constant  is  generated  by  the  Ada  Linker 


CO  NPX  USED 


boolean 


*  0  •  80x87  is  not  used 

»  1  -  80x87  is  used 


6J5.17  -tasks 


-tasks  [n] 

(default  is  no  tasking) 

This  option  specifies  the  maximum  number  of  tasks  allowed  by  the  RTS.  If  specified,  n  must  be 
greater  than  zero.  If  -tasks  is  specified  without  a  value  for  n,  n  defaults  to  10.  If  -tasks  is  not 
specified,  die  RTS  used  will  not  include  support  for  tasking.  If  -tasks  is  specified,  the  RTS  used 
will  include  suppoit  for  tasking. 

Ada  Interrupt  tasks  identified  with  pragma  INTERRUPT.HANDLER  need  not  be  included  in  the 
count  of  maximum  number  of  tasks.  The  main  program  must  be  counted  in  the  maximum  mimtv-r 
of  tasks.  Note  that  the  main  program,  which  may  implicitly  be  considered  a  task,  will  not  run 
under  control  of  the  tasking  kernel  when  -notasks  is  specified.  See  also  -rms  option. 


Configurable  Data 

For  -tasks,  the  linker  generates  the  following  configurable 
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CD_MM_X*SX3 

CD  KBS 


M  task 

Control 

Block* 

(KBS) 

If  -apt  la 
actlvo,  11 
itiaaric  co- 
procoaaor 
»»*«  »r— a 


Example: 

S  ada-Jink  -tasks  3  p 

•  Link  the  program  P,  which  has  at  most  3  tasks,  including  the  main  program. 


(3.18  -priority 
•priority  n 

•priority  15  (default) 

The  •priority  option  specifies  the  default  priority  for  task  execution.  The  main  program  will  run 
at  this  priority,  as  well  as  tasks  which  have  had  no  priority  level  defined  via  pragma  PRIORITY. 
Ths  range  of  priorities  is  from  0  to  31. 

Priorities  can  be  set  on  a  per  task  basis  dynamically  at  run  time.  See  section  E.1  (Package 
RTS_Entry Points)  for  more  details. 


Configurable  Data 

The  Ada  Linker  generates  the  following  constant  data: 


CO  PRIORITY 


Constant  *■  w 


Example: 

S  ada-link  -tasks  -priority  8  p 

•  Link  the  subprogram  P  which  has  the  main  program  and  tasks  running  at 
default  priority  8. 
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&5.19  -time -slice 

-time  slice  (r]  (default  no  time  slicing  is  active) 

The  -time_sHce  options  specifies  whether  or  not  time  slicing  will  be  used  for  tasks.  If  specified. 
R  is  a  decimal  number  of  seconds  representing  the  default  time  slice  to  be  used.  If  R  is  not 
specified,  the  default  time  slice  will  be  1/32  of  a  second.  R  must  be  in  the  range  Duration 'Small 
£  R  £  2.0  and  must  be  greater  than  or  equal  to  the  -timer  linker  option  value.  Time  slicing  only 
applies  to  tasks  running  at  equal  priority.  Because  the  RTS  is  a  preemptive  priority  scheduler,  the 
highest  priority  task  will  always  run  before  any  lower  priority  task.  Only  when  two  or  more  tasks 
are  running  at  the  same  priority  is  time  slicing  applied  to  each  task. 

Tune  slicing  can  be  specified  mi  a  per  task  basis  dynamically  at  run-time.  See  Section  E.1 
(Package  RTS_Entry Points)  for  more  details. 

Time  slicing  is  not  applicable  unless  tasking  is  being  used.  This  means  that  the  -tasks  option 
must  be  used  for  -time_slic*  to  be  effective. 


Configurable  Data 

The  Ada  Linker  generates  the  following  data: 


CD_ttME_SLICEJJ3ED 

0  -  Mo  claa  allelng 

1  -  Ttaa  slicing 


CO  TUB  SLICE 


BOOLEAN 


sbsoluto  lntoqor 


•  representing  the  number  Y  that  satisfies  Y  *  DURATION’SMALL  »  R 


Example: 

S  ada-link  -time_slke  0.125  -tasks  p 

•  Specifies  tasks  of  equal  priority  to  be  time  sliced  each  eighth  of  a  second. 


6.5.20  -timer 
•timer  R 

-timer  0.001  (default) 

The  -timer  option  specifies  the  resolution  of  calls  to  the  Run-Tune  System  routine  TIMER  (see 
the  Run-lime  System  Configuration  Guide  for  DACS- 80x86  for  more  information).  The  number, 
R,  specifies  a  decimal  number  of  seconds  which  have  elapsed  for  every  call  to  TIMER.  The 
default  TIMER  resolution  is  one  millisecond.  R  must  be  in  the  range  DURATION’SMALL<  R 
<  2. 
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Conllgurabie  Data 


The  Ada  Linker  generates  the  following  16  bit  constant: 


CO  TOOK 


Ab»olut«  Int»c«r 


•  representing  the  number  Y  that  satisfies  Y  *  DURATION’SMALL=R 


6JL21  -reserve-stack 
-reserve_stack  [n] 


The  -resemejrtack  option  designates  how  many  words  are  reserved  on  each  task  stack.  This 
space  is  reserved  for  use  by  the  RTS.  which  does  no  checking  for  stack  overflow.  This  reserved 
space  also  allows  the  RTS  to  function  in  situations  such  as  handling  a  storage  error  exception 
arising  from  stack  overflow. 

The  -reserve_stack  option  also  reserves  part  of  the  main  program  stack  size,  specified  by  the 
linker  option  ~mp_stack_size. 


Configurable  Data 


The  Ada  Linker  generates  the  following  integer  constant: 


co_iiX3ntvs_smcx 


mrico 


Examples: 

S  a  da -link  -reserve_stack  200  -tasks  p 

•  Reserve  200  words  from  each  stack  for  use  by  the  RTS. 


£5.22  -It -slack -size 

•k_stack_size  n 

•It  .stack -size  500(default) 

The  -lt_stack_sixe  option  designates  the  library  task  default  size  in  words.  A  library  task  is 
formed 'when's  task  object  is  declared  at  the  outermost  level  of  a  package.  Library  tasks  are 
created  and  activated  during  the  initial  main  program  elaboration.  (See  the  Ada  Reference  Manual 
for  more  details). 
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For  each  library  task,  the  representation  spec: 


FOR  Task_object’STORAGE_SlZE  USE  N; 

can  be  used  to  specify  the  library  task  stack  size.  However,  if  the  representation  spec  is  not  used, 
the  default  library  task  size  specified  by  -lt_stack_size  will  be  used. 

For  efficiency  reasons,  all  tasks  created  within  library  tasks  will  have  stacks  allocated  within 
same  segment  as  the  library  task  stack.  Normally,  the  segment  which  contains  the  library 
stack  is  allocated  just  large  enough  to  hold  the  default  library  task  stack.  Therefore,  one  must 
the  option  -lt_stack  .option  or  the  pragma  LT_SEGMENT_SIZE  to  reserve  more  space  within 
segment  that  may  be  used  for  nested  tasks’  stacks.  (See  the  implementation  dependent  pra 
LT_SEGMENT_SIZE  in  Section  F.l  for  more  information). 

The  range  of  this  parameter  is  limited  by  physical  memory  size,  task  stack  size  allocated  during 
the  build  phase  of  the  link,  and  the  maximum  segment  size  (64K  for  all  except  the  386/486 
protected  mode,  which  is  4  GB). 

Configurable  Data 


The  Ada  Linker  generates  the  following  integer  constant: 


CO  IT  STACK  SIZE 


IHTEGm 


Example: 

S  ada-link  -lt_stack_size  2048  -tasks  p 

•  Link  the  subprogram  P  using  a  2K  words  default  library  stack  size. 


6.5.23  -It-stack-size 
-ltsegmentsize  n 

-ltsegmentsize  (lt-stack.sizc  +  20  +  exception_stack_space)  (default) 

This  parameter  defines  in  words  the  size  of  a  library  task  segment.  The  library  task  segment 
contains  the  task  stack  and  the  stacks  of  all  its  nested  tasks. 

The  default  value  is  only  large  enough  to  hold  one  default  task  stack.  If  -lt_stack_size  is  used  and 
specifies  a  value  other  than  the  default  value,  -H_segment_size  should  also  be  specified  to  be  the 
size  of  <task_stack_size>  + 

<total_of.nested_tasks_sizes>  + 

<20_woids_overfaead>  + 
exception_stack_space. 

Note  that  the  task  stack  size  specified  by  the  ’STORAGE_size  can  be  representation  spec  or  by 
the  option  -lt_stack_size. 

Dynamically  allocated  tasks  receive  their  own  segment  equal  in  size  to  the  mp_segment_size. 
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The  range  of  this  parameter  is  limited  by  physical  memory  size,  task  stack  size  allocated  during 
the  build  phase,  and  the  maximum  segment  size  (64K  for  all  except  the  386/486  protected  mode, 
which  is  4  GB). 


Configurable  Data 

The  Ada  Linker  generates  the  following  data  structure: 


CD  IT  SKSMCMT  SIZE 


IMTtgtK 


Example: 

$  adaJUnk  •lt_segment_size  2048  -tasks  p 

•  Link  the  program  P  using  a  library  task  segment  size  of  2K  words. 


6JJ4  -mp_stack_size 

-mpstacksize  n 
-mpZstack-Size  8000  (default) 

The  -mp_stack_size  option  specifies  the  main  program  stack  size  in  words. 

The  range  of  this  parameter  is  limited  by  physical  memory  size,  task  stack  size  allocated  during 
the  build  phase  (in  tasking  programs  only),  the  maximum  segment  size  (64K  for  all  except  the 
386/486  protected  mode,  which  is  4  GB).  and  the  size  of  mp.segmem.size. 

Configurable  Data 


The  Ada  Linker  generates  the  following  data  structures  for  nontasking  programs: 


CDJ»_STACK_J»X« 


zmaa 


CD  MP  STACK 


MP_STACK_SIZE 
word*  of 
«tor«ao 


CD  W  STACK  STAKT 


llghosc  addr. 
of  MS  gtacjt 


For  tasking  programs,  the  Ada  Linker  generates  the  same  structures  but  limits  the  size  to  1024 
words.  This  stack  is  only  used  for  the  execution  of  the  system  startup  code  and  elaboration. 
At  main  program  activation,  a  segment  for  the  main  program  equal  to  the  size  specified  by  • 
-mp_segment_siz*  will  be  allocated  from  the  dynamic  memory  pool  and  a  stack  for  the  main 
program  equal  to  the  size  specified  by  *mp_stack_size  will  be  allocated  from  the  memory 
pool. 
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Example: 

$  a  da-link  -tnp_steck_size  1000  p 

•  Link  the  subprogram  P  with  a  stack  of  1000  words. 


6-5.25  -mp -segment-size 


•mp_segment_size  n 
•mpZsegmentlsize  8100  (Default) 

The  -mp_segment_size  option  specifies  the  size,  in  words,  of  the  segment  in  which  the  main 
program  sack  is  allocated.  The  default  setting  can  be  calculated  from  the  formula: 

mp_segment_size  *  mp.stack.size  + 

overhead  +  (tasks  -  1)  * 

(overhead  +  task.storage.size) 

Normally,  the  main  program  segment  size  can  be  set  to  the  size  of  the  main  program  stack. 
However,  when  the  main  program  contains  nested  tasks,  the  stacks  for  the  nested  tasks  will  be 
allocated  from  the  data  segment  which  contains  the  main  program  stack.  Therefore,  when  the 
main  program  contains  nested  tasks,  the  main  program  stack  segment  must  be  extended  via  the 
•mp_segment_size  option. 

The  range  of  this  parameter  is  limited  by  physical  memory  size,  task  stack  size  allocated  during 
the  build  phase  (in  tasking  programs  only),  and  the  maximum  segment  size  (64K  for  all  except 
the  386/486  protected  mode,  which  is  4  GB). 

Note:  Dynamically  allocated  tasks  receive  their  own  segment  equal  in  size  to  mp_segment_size. 


Configurable  Date 

The  Ada  Linker  allocates  the  .CD.MP.STACK  (see  the  -mp_steck_size  option)  within  a  data 
segment  called  _CD_MP_STACK_SEGMENT: 


CO  HP  STACK  SEGMENT 


HP  STACK 


HP  STACK  START 


W.STACX  SIZE 


HP  SEQUMT  SIZE 


Example: 

S  ada-link  -tasks  -mp_segment_size  32000  programme 

Links  the  subprogram  PROGRAM.A,  which  contains  tasks  nested  in  the  main  program 
allocating  32,000  words  for  the  main  program  stack  segment. 
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63.26  •ttsk-mnyjiie 

•task_storage_sixe  n 
•tasklstoragelsize  1024  (default) 

This  option  sets  the  default  storage  size  in  words  for  stacks  of  that  are  not  library  tasks. 
This  value  can  be  overridden  with  a  representation  clause. 

The  range  is  limited  by  the  size  of  the  lt_segment_size  (if  it  is  a  subtask  to  a  library  task),  or  by 
mp_segment_size  (if  it  is  a  subtask  to  the  main  program). 


Configurable  Data 

The  Ada  Linker  generates  the  following  data  structure: 


_CD_TA5K_STO*AOr_S I IE 


niTtam 


6337  -intemipt_entry_taWe 
•intemipt_entry_table  L41 

The  -interrupt _entry_table  option  specifies  the  range  of  interrupt  vector  numbers  used  by  the 
Ada  program  in  interrupt  tasks. 

The  number.  L.  specifies  the  lowest  numbered  interrupt  handler.  The  number.  H.  specifies  the 
highest  numbered  interrupt  handler.  The  range  lor  low  and  high  interrupts  is  0  to  255. 


Configurable  Data 

If  -interrupt_entry_table  is  specified,  the  Ada  Linker  will  generate  the  following  data  structure: 


CO  LOW  UROWDFT 


co  izoa  nmuuOTT 


CD  XVXXMIOPT  veeioft 


COjJTMg 


CCWSTMtT 


<a-r.+u»5 

words  roaorvod 
for  Xntorrapt 
Voctor 


<z» 


(■) 


If  the  user  ever  detects  unresolved  references  to  the  symbols: 

_CD_LO  W_INTERR  UPT 
_CD_HIGH_INTERR  UPT 
_CD_INTERRUPT_ VECTOR 
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the  Ada  program  contains  standard  interrupt  tasks  for  which  the  RTS  requires  the  above  data 
structure.  You  must  relink  the  Ada  program  specifying  the  -interrupt_entry_table  option. 

Example: 

$  ada-link  -tasks  -intemipt  entry  table  5  JO  p 

•  Links  the  subprogram  P.  which  has  standard  Ada  interrupt  entries  numbered  5 
through  20. 


6JJ8  -[nolenabie— task  .trace 

•enable jaskjrace 
-noenabie_task_trace  (default) 

This  option  instructs  the  exception  handler  t d  produce  a  stack  trace  when  a  task  terminates  because 
of  an  unhandled  exception. 


Configurable  Data 


03  TMCE  UIMIJI) 


■ootaw 


■  o  - 

■  l  - 


task  tries  disabled 
cask  tract  enabled 


6.5.29  -exception_space 

•exception-space  n 
•exception-space  OaOh  (default) 

Each  stack  will  have  set  its  top  area  aside  for  exception  space.  When  an  exception  occurs,  the 
exception  handler  may  switch  stack  to  this  area  to  avoid  accidental  overwrite  below  the  stack 
bottom  (which  may  lead  to  protection  exceptions)  if  the  size  of  the  remaining  pan  of  the  stack 
is  smaller  than  the  N  value.  Specifying  a  value  *0  will  never  cause  stack  switching.  Otherwise  an 
N  value  below  the  default  value  is  not  recommended. 


Configurable  Data 

_CD_EXCEPTJ0b_3TACX_5PACX_SIH 


nretsax 


Note  that  this  value  is  added  to  all  requests  for  task  stack  space,  thus  requiring  an  increase  in  the 
requirements  of  the  appropriate  segment's  size 
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63 JO  >aignjMi 
•sfeajm  (<string>] 

When  this  option  is  specified  the  linker  will  generate  code  to  output  a  sign  mi  message,  before 
the  Ada  elaboration  is  initiated  and  a  sign  off  message  when  the  target  program  has  terminated 
successfully.  If  the  program  terminates  with  an  uncaught  exception,  the  sign  off  message  is  not 
printed. 

Hie  sign  on  message  consists  of. 

START  [<smng>]  <ptognm  name> 
and  the  sign  off  message 
STOP  [<string>]  <program  name> 

The  <string>  may  contain  spaces,  e.g. 

•sign-on  Test  3"  (remember  the  quotes). 

This  facility  is  very  useful  to  separate  output  from  several  target  programs  ran  after  each  other, 
and  to  verify  that  a  program  that  produces  little  or  no  output  has  actually  been  loaded  and  ran 
successfully. 
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APPENDIX  F  OF  THE  Ada  STANDARD 


The  only  allowed  implementation  dependencies  correspond  to 
implementation-dependent  pragmas,  to  certain  machine-dependent 
conventions  as  mentioned  in  Chapter  13  of  the  Ada  Standard,  and  to 
certain  allowed  restrictions  on  representation  clauses.  The 
implementation-dependent  characteristics  of  this  Ada  implementation, 
as  described  in  this  Appendix,  are  provided  by  the  customer.  Unless 
specifically  noted  otherwise,  references  in  this  Appendix  are  to 
compiler  documentation  and  not  to  this  report. 
Implementation-specific  portions  of  the  package  STANDARD,  which  are 
not  a  part  of  Appendix  F,  are: 

package  STANDARD  is 

type  SHORT__INTEGER  is  range  -32J768  ..  32J767; 

type  INTEGER  is  range  -2_147_483_648  ..  2_147_483_647 ; 

type  LONG_INTEGER  is 

range  -16#8000_0000_0000_0000#  ..  16#7FFF_FFFF_FFFF_FFFF# ; 

type  FLOAT  is  digits  6 

range  -16#0.FFFF_FF#E32  ..  16#0.FFFF_FF#E32 ; 

type  LONG_FLOAT  is  digits  15 

range  -16# 0 . FFFF_FFFF_FFFF_F8#E256  ..  16#0.FFFF_FFFF_FFFF_F8#E256? 
type  DURATION  is  delta  2#1.0#E-14  range  -131_072.0  ..  131_071.0; 
end  STANDARD; 
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APPENDIX  F  -  IMPLEMENTATION-DEPENDENT  CHARACTERISTICS 


This  appendix  describes  the  implementation-dependent  characteristics  of  DACS-80X86™  as  required 
r  Appendix  F  of  the  Ada  Reference  Manual  (ANSI/MIL-STD-1815A). 

F.l  Implementation-Dependent  Pragmas 

This  section  describes  all  implementation  defined  pragmas. 


F.1.1  Pragma  INTERFACE-SPELLING 

This  pragma  allows  an  Ada  program  to  call  a  non-Ada  program  whose  name  contains  characters 
that  are  invalid  in  Ada  subprogram  identifiers.  This  pragma  must  be  used  in  conjunction  with 
pragma  INTERFACE,  i.e..  pragma  INTERFACE  must  be  specified  for  the  Ada  subprogram  name 
prior  to  using  pragma  INTERFACE.SPELLING. 

The  pragma  has  the  format: 

pragma  INTERFACE.SPELUNG  (subprogram  name,  string  literal); 

where  the  subprogram  name  is  that  of  one  previously  given  in  pragma  INTERFACE  and  the  string 
literal  is  the  exact  spelling  of  the  interfaced  subprogram  in  its  native  language.  This  pragma  is 
only  required  when  the  subprogram  name  contains  invalid  characters  for  Ada  identifiers. 

Example: 

function  RTS_GetDataSegment  return  Integer; 
pragma  INTERFACE  (ASMS 6,  RTS_GetDataSegment) ; 

pragma  INTERFACE_S?ELLING  (RTS_GetOataSegment,  " R1 SMGS ? GetDa t a Segment ") ; 

The  string  literal  may  be  appended  'NEAR  (or  ’FAR)  to  specify  a  particular  method  of  call.  The 
default  is  ’FAR.  This  suffix  should  only  be  used,  when  the  oiled  routines  require  a  near  call 
(writing  ’FAR  is  however  harmless).  If  ’NEAR  is  added,  the  routine  must  be  in  the  same  segment 
as  the  caller. 


F.l-2  Pragma  LT-SEGMENT-SIZE 

This  pragma  sets  the  size  of  a  library  task  stack  segment 
The  pragma  has  tire  format 

pragma  LT_SEGMENT_SIZE  (T.  N); 

where  T  denotes  either  a  task  object  or  task  type  and  N  designates  the  size  of  the  library  task 
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suck  segment  in  words. 


The  library  task’s  stack  segment  defaults  to  the  size  of  the  library  task  stack.  The  size  of  the 
library  task  stack  is  normally  specified  via  the  representation  clause  (note  that  T  must  be  a  task 
type) 


for  T’STORAGE.SIZE  use  N; 

The  size  of  the  library  task  stack  segment  determines  how  many  tasks  can  be  created  which  are 
nested  within  the  library  task.  All  tasks  created  within  a  library  ta.sk  will  have  their  stacks 
allocated  from  the  same  segment  as  the  library  task  stack.  Thus,  pragma  LT_SEGMENT_SIZE 
must  be  specified  to  reserve  space  within  the  library  task  stack  segment  so  that  nested  tasks’ 
stacks  may  be  allocated  (see  section  7.1). 

The  following  restrictions  are  places  on  the  use  of  LT_SEGMENT_SIZE: 

1)  It  must  be  used  only  for  library  tasks. 

2)  It  must  be  placed  immediately  after  the  task  object  or  type  name  declaration. 

3)  The  library  task  stack  segment  size  (N)  must  be  greater  than  or  equal  to  the  library  task 
stack  size. 


F.l_3  Pragma  EXTERNAL-NAME 


F.lJ.l  Function 

The  pragma  EXTERN AL_NAME  is  designed  to  make  permanent  Ada  objects  and  subprograms 
externally  available  using  names  supplied  by  the  user. 


F.1J2  Format 

The  format  of  the  pragma  is: 

pragma  EXTERNAL_NAME(<ada_emity>,<extemal  name>) 
where  <ada_entity>  should  be  the  name  of: 

•  a  permanent  object,  i.e.  an  object  placed  in  the  permanent  pool  of  the  compilation  unit  -  such 
objects  originate  from  package  specifications  and  bodies  only, 

•  a  constant  object,  i.e.  an  object  placed  in  the  constant  pool  of  the  compilation  unit  •  please 
note  that  scalar  constants  are  embedded  in  the  code,  and  composite  constants  are  not  always 
placed  in  the  constant  pool,  because  the  constant  is  not  considered  constant  by  the  compiler. 
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•  a  subprogram  name,  i.e.  a  name  of  a  subprogram  defined  in  this  compilation  unit  •  please 
notice  that  separate  subprogram  specifications  cannot  be  used,  the  code  for  the  subprogram 
must  be  present  in  the  compilation  unit  code,  and  where  the  <extemal  name>  is  a  string 
specifying  the  external  name  associated  the  <ada_entity>.  The  <extemal  names>  should  be 
unique.  Specifying  identical  spellings  for  different  <ada_entities>  will  generate  errors  at  compile 
and/or  link  time,  and  the  responsibility  for  this  is  left  to  the  user.  Also  the  user  should  avoid 
spellings  similar  to  the  spellings  generated  by  the  compiler,  e.g.  E_xxxxx_yyyyy,  P.xxxxx, 
C.xxxxx  and  other  internal  identifications.  The  target  debug  type  information  associated  with 
such  external  names  is  the  null  type. 


F.1.3J  Restrictions 

Objects  that  are  local  variables  to  subprograms  or  blocks  cannot  have  external  names  associated. 
The  entity  being  made  external  ("public*)  must  be  defined  in  the  compilation  unit  itself.  Attempts 
to  name  entities  from  other  compilation  units  will  be  rejected  with  a  warning. 

When  an  entity  is  an  object  the  value  associated  with  the  symbol  will  be  the  relocatable  address 
of  the  first  byte  assigned  to  the  object 


F.l  J.4  Example 

Consider  the  following  package  body  fragment: 

package  body  example  is 

subtype  stringlO  is  string (1 .. 10) ; 

type  s  is 
record 

len  :  integer; 
val  :  stringlO; 
end  record; 

global_s  :  s; 

const_s  :  constant  stringlO  :■  ”1234567890"; 

pragma  EXTERNAL  NAME (global  s,  “GLOBAL  SJ3BJECT"); 
pragma  EXTERNAL~NAME (const_s ,  "CONST_S"7; 

procedure  handle ( — )  is 

end  handle; 

pragma  EXTERN  AL_NAME (handle,  " HAND LE_P ROC") ; 


end  example; 

The  objects  GLOBAL.S  and  CONST.S  will  have  associated  the  names  "GLOB AL_S_OB JECT" 
and  "CONST_S".  The  procedure  HANDLE  is  now  also  known  as  "HANDLE.PROC.  It  is 
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allowable  to  assign  more  than  one  external  name  to  an  Ada  entity. 


F.lJi  Object  Layouts 

Scalar  objects  are  laid  out  as  described  in  Chapter  9.  For  arrays  the  object  is  described  by  the 
address  of  the  first  element:  the  array  constraints)  are  NOT  passed,  and  therefore  it  is 
recommended  only  to  use  arrays  with  known  constraints.  Non-  discriminated  records  take  a 
consecutive  number  of  bytes,  whereas  discriminated  records  may  contain  pointers  to  the  heap.  Such 
complex  objects  should  be  made  externally  visible,  only  if  the  user  has  thorough  knowledge  about 
the  layout. 


F.1J.6  Parameter  Passing 

The  following  section  describes  briefly  the  fundamentals  regarding  parameter  passing  in  connection 
with  Ada  subprograms.  For  more  detail,  refer  to  Chapter  9. 

Scalar  objects  are  always  passed  by  value.  For  OUT  or  IN  OUT  scalars,  code  is  generated  to 
move  the  modified  scalar  to  its  destination.  In  this  case  the  stack  space  for  parameters  is  not 
removed  by  the  procedure  itself,  but  by  the  caller. 

Composite  objects  are  passed  by  reference.  Records  are  passed  via  the  address  of  the  first  byte 
of  the  record.  Constrained  arrays  are  passed  via  the  address  of  the  first  byte  (plus  a  bitoffset  when 
a  packed  array).  Unconstrained  arrays  are  passed  as  constrained  arrays  plus  a  pointer  to  the 
constraints  for  each  index  in  the  array.  These  constraints  consist  of  lower  and  upper  bounds,  plus 
the  size  in  words  or  bits  of  each  element  depending  if  the  value  is  positive  or  negative 
respectively.  The  user  should  study  an  appropriate  disassembler  listing  to  thoroughly  understand 
the  compiler  calling  conventions. 

A  function  (which  can  only  have  IN  parameters)  returns  its  result  in  registers).  Scalar  results  are 
registers/float  registers  only;  composite  results  leave  an  address  in  some  registers  and  the  rest,  if 
any.  are  placed  on  the  stack  top.  The  stack  still  contains  the  parameters  in  this  case  (since  the 
function  result  is  likely  to  be  on  the  stack),  so  the  caller  must  restore  the  stack  pointer  to  a 
suitable  value,  when  the  function  call  is  dealt  with.  Again,  disassemblies  may  guide  the  user  to 
see  how  a  particular  function  call  is  to  be  handled. 


F.1.4  Pragma  INTERRUPT-HANDLER 

This  pragma  will  cause  the  compiler  to  generate  fast  interrupt  handler  entries  instead  of  the  normal 
task  calls  for  the  entries  in  the  task  in  which  it  is  specified.  It  has  the  format: 

pragma  INTERRUPT-HANDLER; 

The  pragma  must  appear  as  the  first  thing  in  the  specification  of  the  task  object.  The  task  must 
be  specified  in  a  package  and  not  a  procedure.  See  Section  F.6.2.3  for  more  details  and  restrictions 
on  specifying  address  clauses  for  task  entries. 
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F.1J  Pragma  MONTTOR_TASK 


F.1J.1  Function 

The  pragma  MONITOR.TASK  is  used  to  specify  that  a  task  with  a  certain  structure  can  be 
handled  in  a  special  way  by  the  Run-Time  System,  enabling  a  very  efficient  context  switch 
operation. 


F.1JJ  Format 
The  foimat  of  the  pragma  is 
pragma  MONTTORJTASK; 

The  pragma  must  be  given  in  a  task  specification  before  any  entry  declarations. 


F.1JJ  Restrictions 


The  following  restrictions  apply  on  tasks  containing  a  pragma  MONITOR.TASK  : 

•  Only  single  anonymous  tasks  can  be  “monitor  tasks". 

•  Entries  in  “monitor  tasks”  must  be  single  entries  (i.e.  not  family  entries). 

•  The  task  and  entry  attributes  are  not  allowed  for  "monitor  tasks"  and  "monitor  task”  entries. 

•  The  declarative  paro  shou71d  only  contain  declaration  of  objects;  no  types  or  nested  sturctures 
must  be  used. 

•  The  structure  of  the  task  body  must  be  one  of  the  following: 

i. 

talk  body  MOH_TASX  Is 
<doclaratlvo  paro 
bofln 

<stat«aont  U«t> 
loop 

aoloct 

aeeopt  ENTRY  l<paraaator_llst>  (do 
oadl  ; 
or 

aeeopt  ENTRY_2<par«s»t«r_list>  (do 
<stat0Mi>O>lat> 
ondl  ; 
or 

tocalnato 
oad  soloct; 
ond  loop; 
oad; 


where  each  entry  declared  in  the  specification  must  be  accepted  unconditionally  exactly  once. 
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2. 

till  body  HOHJTASX  Is 
<declarative  part> 
beflln 

<statement  llst> 
loop 

accept  MON_ENTRY<paraaeter_lisc>(do 
<statement_llst> 

•ndl ;  ’ 

and  loop; 
and; 

where  the  task  only  has  one  entry. 

In  both  cases  the  declarative  pans,  the  statement  lists  and  the  parameter  lists  may  be  empty. 
The  statement  list  can  be  arbitrarily  complex,  but  no  nested  select  or  accept  statements  are 
allowed. 

No  exception  handler  in  the  monitor  task  body  can  be  given. 

The  user  must  guarantee  that  no  exceptions  are  propagated  out  of  the  accepts. 


F.  1.5.4  Example 


The  following  tasks  can  be  defined 

tuk  LIST  HANDLER  Is 

pragma  H0NIT0R_TA3K. 

•ntry  INSERT (CLEM: CLEM  TYPE) ; 
entry  REMOVE  (CLEM:  out  ELEM  TYPE)  ; 

•ntry  IS  PRESENT (ELEM :ELEM~ TYPE; 

RESULT : out~NOOLE»N) ; 

•nd  LISr_UNDL£R; 

task  body  LIST_HANDLER  Is 
‘define  list* 

begin 

‘Initialize  list* 

select 

accept  INSERT  <ELEM:ELEM_TYPE)  do 
'insert  in  list* 

•nd  INSERT; 
or 

accept  REMOVE (ELEM: out  ELEM_TYPE) do 
'find  In  list  and  remove  froa  list* 
•nd  REMOVE 

or 

accept  IS  PRESENT  (ELEM:  ELEM  TYPE 

RES:  Out  BOOLEAN) do 

‘scan  list* 
end  IS_PRE3ENT; 
or  ~ 
terminate. 

•nd  select 
•nd  MON  TASK; 


The  task  can  be  used 

cask  type  LZ3T_USER  is 

•nd  LI3TJJ3ER; 

task  body  LISTJJSER  is 
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b*ftn 

a*l*cc 

LIST  BAKDLEK. IHSERTt FIRST  ELEN) ; 

•la* 

cals*  nUCXT^SMOK; 

•nd  a*l*cC;  ~ 
loop 

LISTJUU1DLER.  INSERT  (NEXT_ELEM)  ; 
•nd  loop; 

•nd  LIST  USER; 


F.1.6  Pragma  TASK_STORAGE_SIZE  (T,  N) 

This  pragma  may  be  used  as  an  alternative  to  the  attribute  TASK_STORAGE_SIZE  to  designate 
the  storage  size  (N)  of  a  particular  task  object  CD  (see  section  7.1). 


F2  Implementation- Dependent  Attributes 
No  implementation-dependent  attributes  are  defined. 


FJ  Package  SYSTEM 

The  specifications  of  package  SYSTEM  for  all  DACS-80x86  in  Real  Address  Mode  and 
DACS-80286PM  systems  are  identical  except  that  type  Name  and  constant  System_Name  vary: 


Cgqipifrr  _ System  Name 

DACS-8086  iAPX86 

DACS-80186  iAPX186 

DACS-80286  Real  Mode  iAPX286 

DACS-80286  Protected  Mode  iAPX286  PM 


Below  is  package  system  for  DACS-8086. 

packag*  S7st*m  la 

cyp*  Hoed  la  n*w  incagar; 

typ*  DHord  la  now  Long_lnc*g*r; 

cyp*  OnalgnadHord  la  rang*  0..S5S35; 

£ or  OnalgnadHord'  SIZE  ua*  It; 

Cyp*  bye*  la  rang*  0..255; 

for  bye*' SIZE  ua*  B; 

aubeyp*  S*gm*ncid  la  OnalgnadHord; 

Cyp*  Addraaa  la 

raeord 

offa*C  :  OnalgnadMord; 
a*ga*ne  ;  S*ga*ncld; 

•nd  raeord; 

aubeyp*  Priority  la  lnc*g*r  rang*  0..31; 
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type  Mm  la  (1APXSO; 

STSTW  NAME  :  constant  Mm  1AFXSC; 

STOMEE  OMIT  :  eonatant  1C; 

MEMORY  Size  :  eonatant  1  04*  SI*; 

MXN  OK  :  constant  ;>  -2  147  4*3  *47-1; 

MAX~X!TT  :  eonatant  2  147  4*3  *47; 

MAX*DI8ITS  :  eonatant  IS; 

MAX~MANTX3SA  :  eonatant  31; 

«HE_DE1TA  :  eonatant  241.04E-31; 

TXCX~  :  eonatant  :•  0.000_000_125; 

typ«  interface  language  la 

(ASMS*,  PLHSi,  CSC.  CSC  REVERSE, 

ASM  ACT,  PLM  ACT,  C  ACT,  C  UVOUt  ACT. 

aaTmoacf,  fuCnoact,  c'noact,  c^ATvxxsz'noxcr)  ; 

typo  ExeeptlonXd  la  record 

unlt_nuaber  :  OnalgnedKord; 

unlqua_nuaber  :  OnalgnadMord; 

end  record; 

typo  TaakValua  la  new  integer; 

typo  AceTaakValuo  la  aecaaa  TaakValua; 
typa  SeauphoraValue  la  now  integer; 

typa  Semaphore  la  record 

counter 
first 
laat 
SOMaxt 

and  record; 

InltSemaphore  :  eonatant  S anaphora  : •  Sanaphore'  11,0,0,0)  ; 
and  Syatam; 


The  package  SYSTEM  specification  for  DACS- 80386PM  package  system  is 

package  syatan  la 

typa  Herd  la  now  Short_Xnteger; 

typa  OMord  la  new  Integer; 

type  OMord  la  naw  Long_Integer ; 

typa  OnalgnadMord  la  range  0.. 65535; 

for  OnalgnadMord' SIZE  uaa  IS; 

typa  DnalgnadDMord  la  range  0 .  .H*mT_mT(; 

for  OnslgnedDMord' SIZE  uaa  32;  ~ 

typa  >yta  la  range  0..2SS; 

for  Byte' SIZE  uaa  8; 

aubtypa  Sagnantld  la  OnalgnedMord; 

typa  Address  la 

record 

offset  :  OnslgnedDMord; 
aagannt  ;  Sagnantld; 
and  record; 


for  Address  uaa 
record 

offset  at  0  range  0..31; 
segment  at  2  range  0..1S; 
and  record; 


aubtypa  Priority  la  Integer  range  0..31; 


Integer; 

TaakValua; 

TaakValua; 

SaauphoraValue; 

--  only  usad  In  ESS. 
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Cyp«  UM  ll  (1AVX3SC_VM)  ; 

SYSTEM  MAKE  :  constant  Dim  :•  1ARX3SC  PM; 

STORAGE  OMIT  ;  constant  1«; 

«M0RY_3IZE  :  constant  s-  1  HI  0000  00001; 

MTV_Hrr  :  constant  -ItSSOOO  0000  0000  0000*; 

M«_iwr  :  constant  i«#7irr  frrr  frrr  rrrr#, 

MAX  OISXTS  :  constant  13; 

MAXJttMTXSSA  :  constant  31; 

rim_0*X,tA  :  constant  III . 0SE-31; 

TICK  :  constant  0.000  000  0C2  5; 


typo  Intarfaco_lan«ua9o  is 

(A3MM.  P1M86,  CSC,  CSC  REVERSE, 

ASM_ACF,  PtM  ACT,  C  ACT,  C  REVERSE  ACT, 

ASMjnACr,  PLM_MOACT,  CJMACT,  C~ REVERS£~NQACT) ; 

typo  Exception Id  is  record 

unitjitMber  :  OnslgnadDWord; 
unique_nustoer  :  OnsignodBNord; 
end  record; 

typo  TaskValue  Is  new  Integer; 

type  AcetaskValue  Is  access  TaskValue; 

eype  Seeaphc re Value  Is  new  Integer; 

type  Semaphore  Is  record 

counter 
first,  last 
SQMext 

and  record; 

Inlt semaphore  :  constant  Semaphore  ;•  Semaphore' (1,0, 0,0); 
end  System; 


F.4  Representation  Clauses 

The  DACS-80x86™  fully  supports  the  ’SIZE  representation  for  derived  types.  The  representation 
clauses  that  are  accepted  for  non-derived  types  are  described  in  the  following  subsections. 


F.4.1  Length  Clause 

Some  remarks  on  implementation  dependent  behavior  of  length  clauses  are  necessary: 

•  When  using  the  SIZE  attribute  for  discrete  types,  the  maximum  value  that  can  be  specified  is 
16  bits.  For  DACS-80386PM/80486PM  the  maximum  is  32  bits. 

•  SIZE  is  only  obeyed  for  discrete  types  when  the  type  is  a  part  of  a  composite  object,  e.g. 
arrays  or  records,  for  example: 

type  byte  is  range  0..255; 
for  byte' size  use  8; 

sixteen_bits_ailocated  :  byte;  —  one  word  allocated 


Xntagor; 

TaakValua; 
SomaphoraValua ; 

--  only  u*«d  In  BOS. 
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•ight_bit_p*r_«l*iB«nt  :  array (0.. 7)  of  byte;  —  four  words  allocated 
type  rec  is 
record 

cl/C2  :  byte;  —  eight  bits  per  component 

end  record; 


•  Using  the  STORAGE.SIZE  attribute  for  a  collection  will  set  an  upper  limit  on  the  total  size 
of  objects  allocated  in  this  collection.  If  further  allocation  is  attempted,  the  exception 
STORAGEJERROR  is  raised. 

•  When  STORAGE.SIZE  is  specified  in  a  length  clause  for  a  task  type,  the  process  stack  area 
will  be  of  the  specified  size.  The  process  stack  area  will  be  allocated  inside  the  "standard"  suck 
segment  Note  that  STORAGE.SIZE  may  not  be  specified  for  a  task  object 


F.4.2  Enumeration  Representation  Clauses 

Enumeration  representation  clauses  may  specify  representations  in  the  range  of  -32767..+32766  (or 
-16#7FFF..16#7FFE). 


F.4J  Record  Representation  Clauses 

When  representation  clauses  are  applied  to  records  the  following  restrictions  are  imposed: 

•  if  the  component  is  a  record  or  an  unpacked  array,  it  must  start  on  a  storage  unit  boundary 
(16  bits) 

•  a  record  occupies  an  integral  number  of  storage  units  (words)  (even  though  a  record  may  have 
fields  that  only  define  an  odd  number  of  bytes) 

•  a  record  may  take  up  a  maximum  of  32K  bits 

•  a  component  must  be  specified  with  its  proper  size  (in  bits),  regardless  of  whether  the 
component  is  an  array  or  not  (Please  note  that  record  and  unpacked  array  components  take  up 
a  number  of  bits  divisible  by  16  (sword  size)) 

•  if  a  non- array  component  has  a  size  which  equals  or  exceeds  one  storage  unit  (16  bits)  the 
component  must  start  on  a  storage  unit  boundary,  i.e.  the  component  must  be  specified  as: 

component  at  N  range  0..16  *  M  -  1; 

where  N  specifies  the  relative  storage  unit  number  (0.1....)  from  the  beginning  of  the  record,  and 

M  the  required  number  of  storage  units  (IX..) 

•  the  elements  in  an  array  component  should  always  be  wholly  contained  in  one  storage  unit 

•  if  a  component  has  a  size  which  is  less  than  one  storage  unit,  it  must  be  wholly  contained 
within  a  single  storage  unit: 
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component  at  N  range  X  ..  Y; 

where  N  is  as  in  previous  paragraph,  and  O  <=  X  <=  Y  <=  IS.  Note  that  for  this  restriction 
a  component  is  not  required  to  start  in  an  integral  number  of  storage  units  from  the  beginning 
of  the  record. 

If  the  record  type  contains  components  which  are  not  covered  by  a  component  clause,  they  are 
allocated  consecutively  after  the  component  with  the  value.  Allocation  of  a  record  component 
without  a  component  clause  is  always  aligned  on  a  storage  unit  boundary.  Holes  created  because 
of  component  clauses  are  not  otherwise  utilized  by  the  compiler. 

Pragma  pack  on  a  record  type  will  attempt  to  pack  the  components  not  already  covered  by  a 
representation  clause  (perhaps  none).  This  packing  will  begin  with  the  small  scalar  components  and 
larger  components  will  follow  in  the  order  specified  in  the  record.  The  packing  begins  at  the  first 
storage  unit  after  the  components  with  representation  clauses. 


F.4J.1  Alignment  Clauses 

Alignment  clauses  for  records  are  implemented  with  the  following  characteristics: 

■  If  the  declaration  of  the  record  type  is  done  at  the  outermost  level  in  a  library  package,  any 
alignment  is  accepted. 

•  If  the  record  declaration  is  done  at  a  given  static  level  higher  than  the  outermost  library  level, 
i.e.,  the  permanent  area),  only  word  alignments  are  accepted. 

•  Any  record  object  declared  at  the  outermost  level  in  a  library  package  will  be  aligned  according 
to  the  alignment  clause  specified  for  the  type.  Record  objects  declared  elsewhere  can  only  be 
aligned  on  a  word  boundary.  If  the  record  type  is  associated  with  a  different  alignment,  an 
error  message  will  be  issued. 

•  If  a  record  type  with  an  associated  alignment  clause  is  used  in  a  composite  type,  the  alignment 
is  required  to  be  one  word:  an  error  message  is  issued  if  this  is  not  the  case. 


FJ  Implementation-Dependent  Names  for  Implementation  Dependent  Components 
None  defined  by  the  compiler. 


F.6  Address  Clauses 

Hus  section  describes  the  implementation  of  address  clauses  and  what  types  of  entities  may  have 
their  address  specified  by  the  user. 
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F.6.1  Objects 

Address  clauses  are  supported  for  scalar  and  composite  objects  whose  size  can  be  determined  at 
compile  time.  The  address  clause  may  denote  a  dynamic  value. 


F.6J  Task  Entries 

The  implementation  supports  two  methods  to  equate  a  task  entry  to  a  hardware  interrupt  through 
an  address  clause: 

1)  Direct  transfer  of  control  to  a  task  accept  statement  when  an  interrupt  occurs.  This  form 
requires  the  use  of  pragma  INTERR  UPT_HANDLER . 

2)  Mapping  of  an  interrupt  onto  a  normal  conditional  entry  call.  This  form  allows  the  interrupt 
entry  to  be  called  from  other  tasks  (without  special  actions),  as  well  as  being  called  when 
an  interrupt  occurs. 


F.6.2.1  Fast  Interrupt  Tasks 

Directly  transferring  control  to  an  accept  statement  when  an  interrupt  occurs  requires  the 
implementation  dependent  pragma  INTERR UPT_HANDLER  to  tell  the  compiler  that  the  task  is 
an  interrupt  handler. 


F.6JL2  Features 

Fast  interrupt  tasks  provide  the  following  features: 

•  Provide  the  fastest  possible  response  time  to  an  interrupt. 

•  Allow  entry  calls  to  other  tasks  during  interrupt 

•  Allow  procedure  and  function  calls  during  interrupt  servicing. 

•  Does  not  require  its  own  stack  to  be  allocated. 

•  Can  be  coded  in  packages  with  other  declarations  so  that  desired  visiblity  to  appropriate  pans 
of  the  program  can  be  achieved. 

•  May  have  multiple  accept  statements  in  a  single  fast  interrupt  task,  each  mapped  to  a  different 
interrupt  If  more  than  one  interrupt  is  to  be  serviced  by  a  single  fast  interrupt  task,  the  accept 
statements  should  simply  be  coded  consecutively.  See  example  2  how  this  is  done.  Note  that 
no  code  outside  the  accept  statements  will  ever  be  executed. 
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F.6JL3  Limitations 

By  using  the  fast  interrupt  feature,  the  user  is  agreeing  to  place  certain  restrictions  on  the  task  in 

order  to  speed  up  the  software  response  to  the  interrupt.  Consequently,  use  of  this  method  to 

capture  interrupts  is  much  faster  than  the  normal  method. 

The  following  limitations  are  placed  on  a  fast  interrupt  task: 

•  It  must  be  a  task  object,  not  a  task  type. 

•  The  pragma  must  appear  fust  in  the  specification  of  the  task  object. 

•  All  entries  of  the  task  object  must  be  single  entries  (no  families)  with  no  parameters. 

•  The  entries  must  not  be  called  from  any  task. 

•  The  body  of  the  task  must  not  contain  any  statements  outside  the  accept  statement(s).  A  loop 
statement  may  be  used  to  enclose  the  accepts),  but  this  is  meaningless  because  no  code  outside 
the  accept  statements  will  be  executed. 

•  The  task  may  make  one  entry  call  to  another  task  for  every  handled  interrupt,  but  the  call  must 
be  single  and  parameterless  and  must  be  made  to  a  normal  tasks,  not  another  fast  interrupt 
task. 

•  The  task  may  only  reference  global  variables;  no  data  local  to  the  task  may  be  defined. 

•  The  task  must  be  declared  in  a  library  package.  i.e..  at  the  outermost  level  of  some  package. 

•  Explicit  saving  of  NPX  state  must  be  performed  by  the  user  within  the  accept  statement  if  such 
state  saving  is  required. 


F.6.2.4  Making  Entry  Calls  to  Other  Tasks 

Fast  interrupt  tasks  can  make  entry  calls  to  other  normal  tasks  as  long  as  the  entries  are  single  (no 
indexes)  and  parameterless. 

If  such  an  entry  call  is  made  and  there  is  a  possibility  of  the  normal  task  not  being  ready  to 
accept  the  call,  the  entry  call  can  be  queued  to  the  normal  task's  entry  queue.  This  can  be  forced 
by  using  the  normal  Ada  conditional  entry  call  construct  shown  below: 

accept  E  do 
select 
T.E; 
else 

null; 

end  select; 
end  E; 

Normally,  this  code  sequence  means  make  the  call  and  if  the  task  is  not  waiting  to  accept  it 
immediately,  cancel  the  call  and  continue.  In  the  context  of  a  fast  interrupt  task,  however,  the 
semantics  of  this  construct  are  modified  slightly  to  force  the  queuing  of  the  entry  call. 
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If  an  unconditional  entry  call  is  made  and  the  called  task  is  not  waiting  at  the  corresponding 
accept  statement,  then  the  interrupt  task  will  wait  at  the  entry  call.  Alternatively,  if  a  timed  entry 
call  is  made  and  the  called  task  does  not  accept  the  call  before  the  delay  expires,  then  the  call 
will  be  dropped.  The  conditional  entry  call  is  the  preferred  method  of  making  task  entry  calls 
from  fast  interrupt  handlers  because  it  allows  the  interrupt  service  routine  to  complete  straight 
through  and  it  guarantees  queueing  of  the  entry  call  if  the  called  task  is  not  waiting. 

When  using  this  method,  make  sure  that  the  interrupt  is  included  in  the  -interrupt_entry_table 
specified  at  link  time.  See  Section  72.15  for  more  details. 


F.62J  Implementation  of  Fast  Interrupts 

Fast  interrupt  tasks  are  not  actually  implemented  as  true  Ada  tasks.  Rather,  they  can  be  viewed 
as  procedures  that  consist  of  code  simply  waiting  to  be  executed  when  an  interrupt  occurs.  They 
do  not  have  a  state,  priority,  or  a  task  control  block  associated  with  them,  and  are  not  scheduled 
to  'run"  by  the  run-time  system. 

Since  a  fast  interrupt  handler  is  not  really  a  task,  to  code  it  in  a  loop  of  somekind  is  meaningless 
because  the  task  will  never  loop;  it  will  simply  execute  the  body  of  the  accept  statement  whenever 
the  interrupt  occurs.  However,  a  loop  construct  could  make  the  source  code  more  easily  understood 
and  has  no  side  effects  except  for  the  generation  of  the  executable  code  to  implement  to  loop 
construct 


F.6J-6  Flow  of  Control 

When  an  interrupt  occurs,  control  of  the  CPU  is  transferred  directly  to  the  accept  statement  of  the 
task.  This  means  that  the  appropriate  slot  in  the  interrupt  vector  table  is  modified  to  contain  the 
address  of  the  corresponding  fast  interrupt  accept  statement. 

Associated  with  the  code  for  the  accept  statement  is 

at  the  very  beginning: 

code  that  saves  registers  and  sets  (E)BP  to  look  like  a  frame  where  the  interrupt  renun 
address  works  as  return  address. 

at  the  very  end: 

code  that  restores  registers  followed  by  an  IRET  instruction. 

Note  that  if  the  interrupt  handler  makes  an  entry  call  to  another  task,  the  interrupt  handler  is 
completed  through  the  IRET  before  the  rendezvous  is  actually  completed.  After  the  rendezvous 
completes,  normal  Ada  task  priority  rules  will  be  obeyed,  and  a  task  context  switch  may  occur. 

Normally,  the  interrupting  device  must  be  reenabled  by  receiving  End-Of-Intemipt  messages.  These 
can  be  sent  from  machine  code  insertion  statements  as  demonstrated  in  Example  7. 


1 
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F .6,2.7  Savin-  NPX  State 

If  the  interrupt  handler  will  perform  floating  point  calculations  and  the  state  of  the  NPX  must  be 
saved  because  other  tasks  also  use  the  mimetic  coprocessor,  calls  to  the  appropriate  save/restore 
routines  must  be  made  in  the  statement  list  of  the  accept  statement.  These  routines  are  located 
in  package  RTS.Entry Points  and  are  called  RTS_Store_NPX_State  and  RTS_Restore_NPX_State. 
See  example  6  for  more  information. 


F.6^8  Storage  Used 

This  section  details  the  storage  requirements  of  fast  interrupt  handlers. 


F.6-2.9  Stack  Space 

A  fast  interrupt  handler  executes  off  the  stack  of  the  task  executing  at  the  time  of  the  interrupt 
Since  a  fast  interrupt  handler  is  not  a  task  it  does  not  have  its  own  stack. 

Since  no  local  data  or  parameters  are  permitted,  use  of  stack  space  is  limited  to  procedure  and 
function  calls  from  within  the  interrupt  handler. 


F.6.2.10  Run-Time  System  Data 

No  task  control  block  (TCB)  is  created  for  a  fast  interrupt  handler. 

If  the  fast  interrupt  handler  makes  a  task  entry  call,  an  entry  in  the  _CD_INTERRUPT_ VECTOR 
must  be  made  to  allocate  storage  for  the  queuing  mechanism.  This  table  is  a  run-time  system  data 
structure  used  for  queuing  interrupts  to  normal  tasks.  Each  entry  is  only  10  words  for  80386/80486 
protected  mode  compilers  ami  S  words  for  all  other  compiler  systems.  This  table  is  created  by 
the  linker  and  is  constrained  by  the  user  through  the  linker  option  -intemipt_entry_table.  For 
more  information,  see  Section  F.6.2.1  on  linking  an  application  with  fast  interrupts. 

If  the  state  of  the  NPX  is  saved  by  user  code  (see  Section  F.6.2.7),  it  is  done  so  in  the  NPX  save 
area  of  the  TCB  of  the  task  executing  at  the  time  of  the  interrupt  This  is  appropriate  because  it 
is  that  task  whose  NPX  state  is  being  saved. 


F.6.3  Building  an  Application  with  Fast  Interrupt  Tasks 

This  section  describes  certain  steps  that  must  be  followed  to  build  an  application  using  one  or 
more  fast  interrupt  handlers. 
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F.6J.1  Source  Code 

The  pragma  INTERR  U PT_ H ANDLER  which  indicates  that  the  interrupt  handier  is  the  fast  form 
of  interrupt  handling  and  not  the  normal  type,  must  be  placed  in  the  task  specification  as  the  first 
statement. 

When  specifying  an  address  clause  for  a  fast  interrupt  handler,  the  offset  should  be  the  interrupt 
number,  not  the  offset  of  the  interrupt  in  the  interrupt  vector.  The  segment  is  not  applicable 
(although  a  zero  value  must  be  specified)  as  it  is  not  used  by  the  compiler  for  interrupt  addresses. 
The  compiler  will  place  the  interrupt  vector  into  the  INTERR UPTVECTORT ABLE  segment  For 
real  address  mode  programs,  the  interrupt  vector  must  always  be  in  segment  0  at  execution  time. 
For  protected  mode  programs,  the  user  specifies  the  interrupt  vector  location  at  build  time. 

Calls  to  RTS_Store_NPX_State  and  RTS_Restore_NPX_State  must  be  included  if  the  state  of  the 
numeric  coprocessor  must  be  saved  when  the  fast  interrupt  occrus.  These  routines  are  located  in 
package  RTS_Entry Points  in  the  root  library.  See  example  6  for  more  information. 


F.6-3J  Compiling  the  Program 
No  special  compilation  options  are  required. 


F.6JJ  Linking  the  Program 

Since  fast  interrupt  tasks  are  not  real  tasks,  they  do  trot  have  to  be  accounted  for  when  using  the 
•tasks  option  at  link  time.  In  fact,  if  there  are  no  normal  tasks  in  the  application,  the  program 
can  be  linked  without  -tasks. 

This  also  means  that  the  linker  options  -lt_stack_size,  -It  segment  size,  -mpsegmentsize.  and 
•task_storage_size  do  not  apply  to  fast  interrupt  tasks,  except  to  note  that  a  fast  interrupt”  task  will 
execute  off  the  suck  of  the  task  running  at  the  time  of  the  interrupt. 

If  an  entry  call  is  made  by  a  fast  interrupt  handler  the  interrupt  number  must  be  included  in  the 
-  interim  ptentrytable  option  at  link  time.  This  option  builds  a  table  in  the  run-time  system  data 
segment  to”  handle  entry  calls  of  interrupt  handlers.  The  table  is  indexed  by  the  interrupt  number, 
which  is  bounded  by  the  low  and  high  interrupt  numbers  specified  at  link  time. 


F.6J.4  Locating/Building  the  Program 

For  real-address  mode  programs,  no  special  actions  need  be  performed  at  link  time;  the  compiler 
creates  the  appropriate  entry  in  the  INTERRUPTVECTORTABLE  segment.  This  segment  must  be 
at  segment  0  before  the  first  interrupt  can  occur. 

For  protected  mode  programs  no  special  actions  need  be  performed.  The  Ada  Link  automatically 
recognizes  Ada  interrupt  handlers  and  adds  them  to  the  IDT. 
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F.6.4  Examples 

These  examples  illustrate  how  to  write  fast  interrupt  tasks  and  then  how  to  build  the  application 
using  the  fast  interrupt  tasks. 


F.6.4.1  Example  1 

This  example  shows  how  to  code  a  fast  interrupt  handler  that  does  not  make  any  task  entry  calls, 
but  simply  performs  some  interrupt  handling  code  in  the  accept  body. 

Ada  source: 

with  System: 
package  P  is 

cpotentially  other  declarations> 

task  Fast_Interrupt_Handler  is 

pragma  ENTERRUPT.HANDLER; 
entry  E; 

for  E  use  at  (segment  =>  0,  offset  =>  10); 

end; 


<potentially  other  dedarations> 


end  P; 

package  body  P  is 

<potentially  other  dedarations> 

task  body  Fast_Interrupt_Handler  is 
begin 

accept  E  do 

<handle  interrupt 
end  E; 

end; 


<potentially  other  declarations> 


end  P; 


with  P: 

procedure  Exaraple.l  is 
begin 

•cmain  program> 
end  Example.  1; 


Compilation  and  Linking; 
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S  ada  Example_l 

$  ada-iink  Examplel  !  Note:  no  other  tasks  in  the  system  in  this  example. 


F.6.4J  Example  2 

This  example  shows  how  to  write  a  fast  interrupt  handler  that  services  more  than  one  interrupt. 


Ada  source: 

with  System; 
package  P  is 

task  Fast_Imerrupt_Handler  is 

pragma  INTERRUPT.HANDLER; 

entry  El; 
entry  E2; 
entry  E3; 

for  El  use  at  (segment  *>  0,  offset  =>  5); 

for  E2  use  at  (segment  *>  0,  offset  =>  9); 

for  E3  use  at  (segment  =>  0.  offset  *>  11); 

end; 

end  P. 

package  body  P  is 

task  body  FastJiuemipt_Handler  is 
begin 

accept  El  do 

<service  interrupt  5> 
end  El; 

accept  E2  do 

<service  interrupt  9> 
end  E2; 

accept  E3  do 

<service  interrupt  11> 
end  E3; 
end; 

end  P, 


Compilation  and  Linking: 
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$  ida  Example_2 

S  adaJink  -tasks  -  Exampie_2  #  assumes  application  also  has  normal  tasks  (not  shown) 


F.6.4J  Example  3 

This  example  shows  how  to  access  global  data  and  make  a  procedure  call  from  within  a  fast 
interrupt  handler. 


Ada  source: 

with  System: 
package  P  is 

A  :  Integer, 

task  Fast_Interrupc_Handler  is 

pragma  INTERRUPT.h  jNDLER; 
entry  E; 

for  E  use  at  (segment  =>  0,  offset  *>  16#127#); 
end; 

end  P; 

package  body  P  is 
B  :  Integer. 

procedure  P  (X  :  in  out  Integer)  is 
begin 

X  :=  X  +  1; 

end: 

task  body  Fast_Intenupt_Handler  is 
begin 

accept  E  do 
A  :=  A  +  B; 

P  (A); 
end  E; 
end; 

end  P; 


Compilation  and  Linking: 

S  ada  Example_3 
S  ada. link  Exampie_3 
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F.6.4.4  Example  4 

This  example  shows  how  to  make  a  task  entry  call  and  force  it  to  be  queued  if  the  called  task 
is  not  waiting  at  the  accept  at  the  time  of  the  call. 

Note  that  the  application  is  linked  with  -tasks=2,  where  the  tasks  are  T  and  the  main  program. 
Since  the  fast  interrupt  handler  is  making  an  entry  call  to  T,  the  techniques  used  guarantee  that 
it  will  be  queued,  if  necessary.  This  is  accomplished  by  using  the  conditional  call  construct  in 
the  accept  body  of  the  fast  interrupt  handler  and  by  including  the  interrupt  in  the  - 
interrupt  entry  table  at  link  time. 


Ada  source: 

with  System; 
package  P  is 

task  Fast_Intenupt_Handler  is 

pragma  INTERRUPT.HANDLER; 
entry  E; 

for  E  use  at  (segment  =>  0.  offset  =>  8); 

end; 

task  T  is 
entry  E; 
end; 

end  P; 

package  body  P  is 

task  body  Fast_Intenupt_Handler  is 
begin 

accept  E  do 
select 
T.E; 
else 

null; 

end  select; 
end  E; 

end; 

task  body  T  is 
begin 
loop 
select 

accept  E; 
or 

delay  3.0; 
end  select; 
end  loop; 
end; 

end  P; 
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Compilation  and  Linking: 

S  ada  Example_4 

S  adaJink  -tasks  2  -interrupt_entry_table  M  Example_4 


F.6A5  Example  5 

This  example  shows  how  to  build  an  application  for  80386/80486  protected  mode  programs  using 
fast  interrupt  handlers. 


Ada  source: 

with  System: 
package  P  is 

task  Fast_Intemipt_Handler  is 

pragma  INTERR  UPT_HANDLER ; 
entry  E; 

for  E  use  at  (segment  =>  0.  offset  *>  17); 
end; 

end  P. 

package  body  P  is 

task  body  FastJnterruptJHandler  is 
begin 

accept  E  do 
null; 
end  E; 
end; 

end  P; 


Compilation  and  Linking: 

S  ada  Example_5 
S  ada-Iink  -tasks  •  Example_S 
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F.6.4.6  Example  6 

This  example  shows  how  to  save  and  restore  the  state  of  the  numeric  coprocessor  from  within  a 
fast  interrupt  handler.  This  would  be  required  if  other  tasks  are  using  the  coprocessor  to  perform 
floating  point  calculations  and  the  fast  interrupt  handler  also  will  use  the  coprocessor. 

Note  that  the  state  of  the  NPX  is  saved  in  the  task  control  block  of  the  task  executing  at  the  time 
of  the  interrupt. 

Ada  source: 

with  System; 
package  P  is 

task  Fastjntemipt  Handler  is 
pragma  EMTERR  UPT_H  ANDLER ; 
entry  E; 

for  E  use  at  (segment  =>  0.  offset  *>  25); 
end; 

end  P; 

with  RTS_EntryPoints; 
package  body  P  is 

task  body  Fast_Interrupt_Handler  is 
begin 

accept  E  do 

RTS_EntryPoints.Store_NPX_State; 

<user  code> 

RTS_EntryPoints.Restore_NPX_State; 
end  E; 
end; 

end  P; 

Compilation  and  Linking: 

$  ada  Example_6 

$  ada-link  -npx  -tasks  -  Exampie_6 


F.6.4.7  Example  7 

This  example  shows  how  to  send  an  End-Of-Intemipt  message  as  the  last  step  in  servicing  the 
interrupt. 


Ada  source: 


214 


DACS- 80x86  User's  Guide 
Implementation- Dependent  Characteristics 


with  System: 
package  P  is 

task  FastJntemtpt_Handler  is 

pragma  INTERRUPT.HANDLER; 
entry  E; 

for  E  use  at  (segment  *>  0.  offset  =>  5); 
end; 

end  P; 

with  Machine  _Code;  use  Machine.Code; 
package  body  P  is 

procedure  Send.EOI  is 
begin 

machine  .instruction' 

(register_immediate,  m_MOV,  AL,  16#66#); 
machine  Jnstruction' 

(immediate_register,  m_OUT.  16#0e0#,  AL); 
end; 

pragma  inline  (Send.EOI); 

task  body  FastJntemipt.Handler  is 
begin 

accept  E  do 
<user  code> 

Send_EOI; 
end  E; 
end; 

end  P; 

Compilation  and  Linking: 

S  ada  Example_7 
S  ada_link  -tasks  •  Example_7 


F.6 JS  Normal  Interrupt  Tasks 

"Normal"  interrupt  tasks  are  the  standard  method  of  servicing  interrupts.  In  this  case  the  interrupt 
causes  a  conditional  entry  call  to  be  made  to  a  normal  task. 


F.6J.1  Features 

Normal  interrupt  tasks  provide  the  following  features: 

1)  Local  data  may  be  defined  and  used  by  the  interrupt  task. 
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2)  May  be  called  by  other  tasks  with  no  restrictions. 

3)  Can  call  other  normal  tasks  with  no  restrictions. 

4)  May  be  declared  anywhere  in  the  Ada  program  where  a  normal  task  declaration  is  allowed. 


F.6.5.2  Limitations 

Mapping  of  an  interrupt  onto  a  normal  conditional  entry  call  puts  the  following  constraints  on  the 
involved  entries  and  tasks: 

1)  The  affected  entries  must  be  defined  in  a  task  object  only,  not  a  task  type. 

2)  The  entries  must  be  single  and  parameterless. 


F.6.513  Implementation  of  Normal  Interrupt  Tasks 

Normal  interrupt  tasks  are  standard  Ada  tasks.  The  task  is  given  a  priority  and  runs  as  any  other 
task,  obeying  the  normal  priority  rules  and  any  time-slice  as  configured  by  the  user. 


F.6J.4  Flow  of  Control 

When  an  interrupt  occurs,  control  of  the  CPU  is  transferred  to  an  interrupt  service  routine 
generated  by  the  specification  of  the  interrupt  task.  This  routine  preserves  the  registers  and  calls 
the  run-time  system,  where  the  appropriate  interrupt  task  and  entry  are  determined  from  the 
information  in  the  _CD_INTERRUFr_ VECTOR  tabic  and  a  conditional  entry  call  is  made. 

If  the  interrupt  task  is  waiting  at  the  accept  statement  that  corresponds  to  the  interrupt,  then  the 
interrupt  task  is  scheduled  for  execution  upon  return  from  the  interrupt  service  routine  and  the  call 
to  the  run-time  system  is  completed.  The  interrupt  service  routine  will  execute  an  IRET.  which 
reenables  interrupts,  and  execution  will  continue  with  the  interrupt  task. 

If  the  interrupt  task  is  not  waiting  at  the  accept  statement  that  corresponds  to  the  interrupt,  and 
the  interrupt  task  is  not  in  the  body  of  the  accept  statement  that  corresponds  to  the  interrupt,  then 
the  entry  call  is  automatically  queued  to  the  task,  and  the  call  to  the  run-time  system  is 
completed. 

If  the  interrupt  task  is  not  waiting  at  the  accept  statement  that  corresponds  to  the  interrupt,  and 
the  interrupt  task  is  executing  in  the  body  of  the  accept  statement  that  corresponds  to  the  interrupt, 
then  the  interrupt  service  routine  will  NOT  complete  until  the  interrupt  task  has  exited  the  body 
of  the  accept  statement.  During  this  period.  >he  interrupt  will  not  be  serviced,  and  execution  in 
the  accept  body  will  continue  with  interrupts  disabled.  Users  are  cautioned  that  if  from  within 
the  body  of  the  accept  statement  corresponding  to  an  interrupt,  an  unconditional  entry  call  is  made, 
a  delay  statement  is  executed,  or  some  other  non-determimstic  action  is  invoked,  the  result  will 
be  erratic  and  will  cause  non-deterministic  interrupt  response. 

Example  4  shows  how  End-Of-Inierrupt  messages  may  be  sent  to  the  interrupting  device. 
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F.6JJ  Saving  NPX  State 

Because  normal  interrupt  tasks  are  standard  tasks,  the  state  of  the  NPX  numeric  coprocessor  is 
saved  automatically  by  the  run-time  system  when  the  task  executes.  Therefore,  no  special  actions 
are  necessary  by  the  user  to  save  the  state. 


F.&S.6  Storage  Used 

This  section  describes  the  storage  requirements  of  standard  interrupt  tasks. 


F.&5.7  Stack  Space 

A  normal  interrupt  task  is  allocated  its  own  stack  and  executes  off  that  stack  while  servicing  an 
interrupt.  See  the  appropriate  sections  of  this  User’s  Guide  on  how  to  set  task  stack  sizes. 


F.6.5.8  Run-Time  System  Data 

A  task  control  block  is  allocated  for  each  normal  interrupt  task  via  the  -tasks  option  at  link  time. 

During  task  elaboration,  an  entry  is  made  in  the  run-time  system  _CD_INTERRUPT_VECTOR 
table  to  "define"  the  standard  interrupt  This  mechanism  is  used  by  the  run-time  system  to  make 
the  conditional  entry  call  when  the  intenupt  occurs.  This  means  that  the  user  is  responsible  to 
include  all  interrupts  serviced  by  intenupt  tasks  in  the  -interrupt_entry_tabie  option  at  link  time. 


F.6.6  Building  an  Application  with  Normal  Interrupt  Tasks 

This  section  describes  how  to  build  an  application  that  uses  standard  Ada  tasks  to  service 
interrupts. 


F.&6.1  Source  Code 

No  special  pragmas  or  other  such  directives  are  required  to  specify  that  a  task  is  a  normal  intenupt 
task.  If  it  contains  intenupt  entries,  then  it  is  a  normal  intenupt  task  by  default 

When  specifying  an  address  clause  for  a  normal  intenupt  handler,  the  offset  should  be  the 
interrupt  number,  not  the  offset  of  the  intenupt  in  the  interrupt  vector.  The  segment  is  not 
applicable  (although  some  value  must  be  specified)  because  it  is  not  used  by  the  compiler  for 
interrupt  addresses.  The  compiler  will  place  the  interrupt  vector  into  the 
INTERRUPTVECTORT ABLE  segment  For  real  address  mode  programs,  the  intenupt  vector 
must  always  be  in  segment  0  at  execution  time.  This  placement  can  be  accomplished  by  specifying 
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the  address  to  locate  the  INTERRUPTVECTORTABLE  segment  with  the  loc86  command,  or  at 
run  time,  by  having  the  startup  code  routine  of  the  UCC  copy  down  the 
INTERRUPTVECTORTABLE  segment  to  segment  0  and  the  compiler  will  put  it  there 
automatically.  For  protected  mode  programs,  the  user  specifies  the  interrupt  vector  location  at 
build  time. 


F.&6J  Compiling  the  Program 
No  special  compilation  options  are  required. 


F.6.6J  Linking  the  Program 

The  interrupt  task  must  be  included  in  the  -tasks  option.  The  link  options  -Itstacksize,  — 
lt  segment  size,  -mp  segment  size,  and  -task_storage_size  apply  to  normal  interrupt  tasks  and 
must  be  set*  to  appropriate  values  for  your  application.  “ 

Every  interrupt  task  must  be  accounted  for  in  the  -interruptentrytable  option.  This  option 
causes  a  table  to  be  built  in  the  run-time  system  data  segment  to  handle  interrupt  entries.  In  the 
case  of  standard  intemipt  tasks,  this  table  is  used  to  map  the  intemipt  onto  a  normal  conditional 
entry  call  to  another  task. 


F.6.7  Examples 

These  examples  illustrate  how  to  write  normal  intemipt  tasks  ami  then  how  to  build  the  application 
using  them. 


F.6.7.1  Example  1 

This  example  shows  how  to  code  a  simple  normal  interrupt  handler. 

Ada  source: 

with  System; 
package  P  is 

task  NormalJntenupt_Handler  is 
entry  E; 

for  E  use  at  (segment  *>  0.  offset  *>  10); 
end; 

end  P; 

package  body  P  is 

task  body  Norm al.Interr ipt_Handler  is 
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begin 

accept  E  do 

<handle  intemipo 
end  E; 
end; 

end  P; 

with  P; 

procedure  Example.!  is 
begin 

<main  program? 
end  Example.!; 


Compilation  and  Linking: 

S  ada  Examplel 

S  ada  Jink  -tasks  2  -interruptentrytable  10,10  Example_l 


F.6.7  2  Example  2 

This  example  shows  how  to  write  a  normal  interrupt  handler  that  services  more  than  one  interrupt 
and  has  other  standard  task  entries. 

Ada  source: 

with  System; 
package  P  is 

task  Normal.Task  is 

entry  El; 

entry  E2;  -  standard  entry 

entry  E3; 

for  El  use  at  (segment  =>  0,  offset  =>  7); 
for  E3  use  at  (segment  =>  0,  offset  *>  9); 

end; 

end  Pi 

package  body  P  is 

task  body  Normal.Task  is 
begin 
loop 
select 

accept  El  do 

<service  interrupt  7> 
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end  El; 
or 

accept  E2  do 

<standard  rendezvous 
end  E2; 
or 

accept  E3  do 

<service  interrupt  9> 
end  E3; 
end  select; 
end  loop; 

end  Nonnal_Task; 
end  P: 

Compilation  and  Linking: 

S  ada  Example_2 

$  ada-link  -tasks  -interrupt  entry  table  7,9  Example_2 


F.6.7-3  Example  3 

This  example  shows  how  to  build  an  application  for  80386  protected  mode  programs  using  normal 
interrupt  handlers. 


Ada  source: 

with  System; 
package  P  is 

task  Notmai.Intemipt.Handler  is 
entry  E; 

for  E  use  at  (segment  =*>  0,  offset  *>  20); 
end; 

end  P; 

package  body  P  is 

task  body  Nonnal_Iruemipt_Handler  is 
begin 

accept  E  do 
null; 
end  E; 
end; 

end  P. 
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Compilation  and  Unking: 

S  ada  Example^ 

S  ada-iink  -tasks  -interrupt  entry  Table  20,20  Exampie_3 


F.6.7.4  Example  4 

This  example  shows  how  an  End-Of-Intenupt  message  may  be  sent  to  the  interrupting  device. 

Ada  source: 

with  System; 
package  P  is 

task  Normai_Interrupt_Handler  is 
entry  e7 

for  E  use  at  (segment  ->  0,  offset  ->  7); 

and; 


end  P  ; 

with  Machine_Code;  use  Machine_Code; 
package  body  ?  is 

procedure  Send_£OI  is 
begin  ” 

machine__inst  ruction ' 

(register_inarediate,  m__MOV,  AL,  16*66#); 
machine_inst ruction' 

(immediate_register,  m  OUT,  16#0e0#,  AL)  ; 

end; 

pragma  inline  <Send_EOI) ; 

task  body  Normal_lnterrupt_Handler  is 
begin 

accept  E  do 
<user  code> 

Send_EOI ; 
end  E;— 

end; 
end  P; 


Compilation  and  Unking: 

S  ada  Example_4 

S  ada-link  -tasks  -intemipt_entryjable  7,7  Exampie_4 
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F.&8  Interrupt  Queuing 

DDC-I  provides  a  useful  feature  that  allows  task  entry  calls  made  by  interrupt  handlers  (fast  and 
normal  variant)  to  be  queued  if  the  called  task  is  not  waiting  to  accept  the  call,  enabling  the 
interrupt  handler  to  complete  to  the  IRET.  What  may  not  be  clear  is  that  the  same  intenupt  may 
be  queued  only  once  at  any  given  time  in  DDC-I's  implementation.  We  have  made  this  choice 
for  two  reasons: 

a)  Queuing  does  not  come  for  free,  and  queuing  an  interrupt  more  than  once  is  considerably 
more  expensive  than  queuing  just  one.  DDC-I  feels  that  most  customers  prefer  their 
interrupt  handlers  to  be  as  fast  as  possible  and  that  we  have  chosen  an  implementation  that 
balances  performance  with  functionality. 

b)  In  most  applications,  if  the  servicing  of  an  interrupt  is  not  performed  in  a  relatively  short 
period  of  time,  there  is  an  unacceptable  and  potentially  dangerous  situation.  Queuing  the 
same  intenupt  more  than  once  represents  this  situation. 

Note  that  this  note  refers  to  queuing  of  the  same  intenupt  more  than  once  at  tire  same  time. 
Different  interrupts  may  be  queued  at  the  same  time  as  well  as  the  same  intenupt  may  be  queued 
in  a'sequential  manner  as  long  as  there  is  never  a  situation  where  the  queuing  overlaps  in  time.  - 

If  it  is  acceptable  for  your  application  to  queue  the  same  interrupt  more  than  once,  it  is  a 
relatively  simple  procedure  to  implement  the  mechanism  yourself.  Simply  implement  a  high 
priority  agent  task  that  is  called  from  the  interrupt  handler.  The  agent  task  accepts  calls  from  the 
interrupt  task  and  makes  tire  call  on  behalf  of  the  interrupt  handler  to  the  originally  called  task. 
By  careful  design,  the  agent  task  can  be  made  to  accept  all  calls  from  the  interrupt  task  when  they 
are  made,  but  at  the  very  least,  must  guarantee  that  at  most  one  will  be  queued  at  a  time. 


F.6.9  Recurrence  of  Interrupts 

DDC-I  recommends  the  following  techniques  to  ensure  that  an  interrupt  is  completely  handled 
before  the  same  interrupt  recurs.  There  are  two  cases  to  consider,  i.e.  the  case  of  fast  interrupt 
handlers  and  the  case  of  normal  interrupt  handlers. 


F.6.9.1  Fast  Interrupt  Handler 

If  the  fast  intenupt  handler  makes  an  entry  call  to  a  normal  task,  then  place  the  code  that 
reenables  the  intenupt  at  the  end  of  the  accept  body  of  the  called  task.  When  this  is  done,  the 
interrupt  will  not  be  reenabled  before  the  rendezvous  is  actually  completed  between  the  fast 
interrupt  handler  and  the  called  task  even  if  the  call  was  queued.  Note  that  the  interrupt  task 
executes  all  the  way  through  the  IRET  before  the  rendezvous  is  completed  if  the  entry  call  was 
queued. 

Normally,  end-of-interrupt  code  using  Low_Level_IO  will  be  present  in  the  accept  body  of  the  fast 
interrupt  handler.  This  implies  that  the  end-of-interrupt  code  will  be  executed  before  the 
rendezvous  is  completed,  possibly  allowing  the  intenupt  to  come  in  again  before  the  application 
is  ready  to  handle  it. 

If  the  fast  intenupt  handler  does  not  make  an  entry  call  to  another  task,  then  placing  the 
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end-of-intemipt  code  in  the  accept  body  of  the  fast  interrupt  task  will  guarantee  that  the  interrupt 
is  completely  serviced  before  another  interrupt  happens. 


F.&9J  Normal  Interrupt  Handler 

Place  the  code  that  reenables  the  interrupt  at  the  end  of  the  accept  body  of  the  normal  interrupt 
task.  When  this  is  done,  the  interrupt  will  not  be  reenabled  before  the  rendezvous  is  actually 
completed  between  the  normal  interrupt  handler  and  the  called  task  even  if  the  call  was  queued. 
Even  though  the  interrupt  "completes”  in  the  sense  that  the  IRET  is  executed,  the  interrupt  is  not 
yet  reenabled  because  the  rendezvous  with  the  normal  task’s  interrupt  entry  has  not  been  made. 

If  these  techniques  are  used  for  either  variant  of  interrupt  handlers,  caution  must  be  taken  that 
other  tasks  do  not  call  the  task  entry  which  reenables  interrupts  if  this  can  cause  adverse  side 
effects. 


F.7  Unchecked  Conversion 

Unchecked  conversion  is  only  allowed  between  objects  of  the  same  "size".  However,  if  scalar  type 
has  different  sizes  (packed  and  unpacked),  unchecked  conversion  between  such  a  type  and  another 
type  is  accepted  if  either  the  packed  or  the  unpacked  size  fits  the  other  type. 


F.8  Input/Output  Packages 

In  many  embedded  systems,  there  is  no  need  for  a  traditional  I/O  system,  but  in  order  to  support 
testing  and  validation.  DDC-I  has  developed  a  small  terminal  oriented  I/O  system.  This  I/O  system 
consists  essentially  of  TEXT  JO  adapted  with  respect  to  handling  only  a  terminal  and  not  hie  I/O 
(file  I/O  will  cause  a  USE  error  to  be  raised)  and  a  low  level  package  called 
TERMINAL_DRIVER.  A  BASIC  JO  package  has  been  provided  for  convenience  purposes, 
forming  an  interface  between  TEXT  JO  and  TERMINAL.DRIVER  as  illustrated  in  the  following 
figure. 


The  TERMINAL  JDRTVER  package  is  the  only  package  that  is  target  dependent.  i.e.,  it  is  the  only 
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package  that  need  be  changed  when  changing  communications  controllers.  The  actual  body  of  the 
TERMINAL_DRIVER  is  written  in  assembly  language  and  is  part  of  the  UCC  modules  DUPUT 
and  D1IGET.  The  user  can  also  call  the  terminal  driver  routines  directly,  i.e.  from  an  assembly 
language  routine.  TEXT  JO  and  BASICJO  are  written  completely  in  Ada  and  need  not  be 
changed. 

BASICJO  provides  a  mapping  between  TEXT  JO  control  characters  and  ASCII  as  follows: 
TEXT  JO  ASCII  Character 


UNE.TERMINATOR 

ASCII.CR 

PAGE.TERMINATOR 

ASCII.FF 

FILE.TERMINATOR 

ASQI.SUB  (CTRL/Z) 

NEWSLINE 

ASCII.LF 

The  services  provided  by  the  terminal  driver  are: 


1)  Reading  a  character  from  the  communications  port  Get.Character. 


2)  Writing  a  character  to  the  communications  port  Put_ Character. 


FJL1  Package  TEXT-IO 


The  specification  of  package  TEXTJO: 

pragma  paga; 

Kith  BASIC_IO; 

wlth  IO_EXCZPTIC*»S; 
packaga-TEXT_IO  la 

typa  FILE_TTPE  la  Halted  private; 

type  riLEJMODE  la  <IN_riLZ,  OUT_FILE); 

typa  COUNT  la  range  0  . .  INTEGER' LAST; 

aubtype  POSITIVE_COUNT  la  COUNT  range  1  ..  COUNT' LAST; 

UNBOUNDED:  constant  COUNT:-  0;  —  llna  and  pa 9a  length 

—  aax.  alxa  of  an  Integer  output  field 
aubtype  FIELD  la  INTEGER  range  0  . .  35; 

aubtype  ndnber_BASE  la  INTEGER  ranga  2  . .  1«; 

typa  TYPE_3ET  la  <LOHEH_CASE,  UPPER_CA3E>  ; 

pragM  PAGE; 

—  rile  ManagaaMnt 


procedure  CREATE 

triLE 

:  in 

out 

FILE  TTPE; 

MODE 

:  in 

FILE- MODE 

NAME 

:  in 

STRING 

FORM 

>; 

:  in 

STRING 

procedure  OPEN 

(FILE 

:  in 

out 

FILE  TTPE; 

MODE 

:  in 

FILE-  MODE; 

NAME 

:  In 

STRING; 
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form  :  in  string 

)  ; 


procedure  CLOSE  (PILE 
procedure  DELETE  (FILE 
procedure  RESET  <rZLE 
MODE 

procadura  RESET  (FILE 


in  out  FILE  TYPE); 
in  out  FILE- TYPE) ; 
in  out  FILS- TYPE; 
in  FILE  MODE)  ; 
in  out  FILE  TYPE); 


function  MODE  (FILE 
function  NAME  (TILE 
function  rOKH  (FILE 


in  FILE  TYPE)  ratutn  riLE  MODE, 
in  FILE- TYPE)  cat urn  STRING; 
in  riLE- TYPE)  racurn  STRING; 


function  IS  OPEN (FILE 


in  FILE  TYPE  raturn  BOOLEAN, 


pragma  PAGE; 

—  control  of  default  input  and  output  filaa 


procadura  SET  INPOT  (FILE  ;  in  FILE  TYPE) ; 
procadura  SETJ5UTPUT  (FILE  :  in  FILE- TYPE) ; 


function  STANDARD  INPOT  raturn  FILE  TYPE; 
function  STANDARD- OOTPOT  raturn  FILE- TYPE; 


function  CURRENT_INPOT  raturn  FILE_TYPE; 
function  CURRENT- OOTPOT  return  FILE- TYPE; 


pragma  PAGE; 

—  specification  of  line  and  page  lengths 


• 

M 

1 

U 

O 

u 

a 

SET  LINE  LENGTH 

(FILE  :  in  FILE  TYPE. 

TO  :  in  COUNT); 

procadura 

SET_LINE_LENGTH 

(TO 

;  in  COUNT) ; 

procedure 

SET  PAGE  LENGTH 

(FILE  :  in  FILE  TYPE 

TO  :  in  COUNT); 

procedure 

SET_PAGE_LENGTH 

(TO 

;  in  COUNT); 

function 

LINE_LD»GTH 

(FILE  : 

in  FILE  TYPE) 

mum 

COUNT;  “ 

function 

LINEJENGTH 

return 

COUNT; 

function 

PAGE_LENGTH 

(riLE 

:  in  FILE  TYPE) 

return 

COUNT;  - 

function 

PAGE_LENGTB 

return 

COUNT; 

pragma  PAGE; 

—  Column,  Lino,  and  Page  Control 

procedure  NEN  LINE  (FILE  :  in  FILE  TYPE; 

SPACING  :  in  POSITIVE  COUNT  1); 
procedure  NEN_LINE  (SPACING  ;  in  POSITIVE-COUNT  :•  1) ; 

procedure  SKIP  LINE  (FILE  ;  in  FILE  TYPE; 

SPACING  :  in  POSITIVE^ COUNT  :«  1)  ; 
procedure  SKX?_LZNE  (SPACING  :  in  PO3ITZVE-C0UNT  :*  1)  ; 

function  END  OF  LINE  (FILE  :  in  FILE  TYPE)  return  BOOLEAN; 
function  QrToF^LZNE  “  return  BOOLEAN; 

procedure  NCNJPAGE  (FILE  :  in  FILEJTYPE); 
procedure  NEN- PAGE; 

procedure  3KXP_PAGE  (FILE  :  in  riLE_TYPE)  ; 
procadura  SKIP_PAGE; 

function  END_OF_PAGE  (FILE  ;  in  FILE_TYPE)  return  BOOLEAN; 

function  END- OF- PAGE  ~  return  BOOLEAN; 

function  END  OF  FILE  (FILE  :  in  FILE  TYPE)  raturn  BOOLEAN; 
function  END- OF- FILE  ~  raturn  BOOLEAN; 
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procedure 

SET_CQL 

(FILE  : 

In  FILE  TYPE; 

TO 

In  POSITIVE  COOMT) 

i 

procedure 

irr_coL 

(TO  :  in  POSITIVE_COOHT ) ; 

precadura 

set_lime 

(FILE  : 

In  FILE  TYPE; 

TO  ;  In  POSITIVE  COOMT); 

procedure 

SET_LINZ 

(TO  :  in  POSITtVE~COOMT) ; 

function 

COL 

(PZXX  : 

:  In  FILE  TYPE) 

return 

POSITIVX'COOMT; 

function 

COL 

return 

POSITIVE~COUWT ; 

function 

LIME 

iTZLt  : 

:  In  FILE  TYPE) 

rotum 

posrnvE~cooMT; 

function 

LIME 

return 

POS ITIVE~COOHT ; 

function 

PAGE 

(T1LZ 

:  In  FILE  TYPE) 

return 

POSITIVE~COONT; 

function 

PAGE 

rtcum 

POSITIVE  COOMT; 

pragma  PACE; 

—  Character  Input -Output 

procedure 

GET  (FILE 

:  In  FILE_TTPE;  ITEM  : 

out 

CHARACTER) 

procedure 

GET  ( 

ITEM  : 

out 

CHARACTER) 

procedure 

POT  <riLE 

:  in  FILE  TYPE;  ITEM  : 

in 

CHARACTER) 

procedure 

POT  ( 

ITEM  : 

in 

CHARACTER) 

--  string 

Input -Output 

procedure 

GET  (FILE 

:  in  FILETYPE;  ITEM  : 

out 

CHARACTER)  ; 

procedure 

GET  ( 

ITEM  : 

out 

CHARACTER); 

procedure 

POT  (FILE 

:  In  TILE  TYPE;  ITEM  : 

In 

CHARACTER); 

procedure 

POT  ( 

ITEM  : 

in 

CHARACTER); 

procedure 

GET_LIME 

(FILE  : 

in  FILE  TYPE; 

ITEM  : 

out  STlUilG; 

LAST  : 

OUt  NATURAL); 

procedure 

GET_LZNE 

(ITEM  : 

out  STRING; 

LAST  : 

OUt  NATURAL)  ; 

procedure 

POT_LINE 

(FILE  : 

in  FILE  TYPE; 

ITEM  : 

In  STRING) ; 

procedure 

POT_LWE 

(ITEM  : 

In  STRING); 

pragma  PAGE; 

—  Ganarle  Package  for  Input-Output  o f  Intagar  Typai 


ganarlc 

typa  MOM  ts  ranga  o, 
packaga  INTEGER_IO  Is 


OEFAOLT  WIDTH 

:  FIELD 

MOM' WIDTH; 

DEFAULT  JBASE 

:  NOMBER_BASE  10; 

procedure  GET 

(FILE 

ITEM 

WIDTH 

:  in  FILE_TYPE; 

;  out  ROM? 

:  in  FIELD  0); 

procedure  GET 

(ITEM 

WIDTH 

:  out  MUM; 

:  in  FIELD  0)  ; 

procedure  PUT 

(FILE 

ITEM 

WIDTH 

BASE 

:  in  FILE  TYPE; 

In  MOM? 

:  In  FIELD  DEFAULT  WIDTH; 

In  M0MER_BASE  :<■  DEFAULT  RASE); 

procedure  PUT 

(ITEM 

WIDTH 

RASE 

in  NUN; 

In  FIELD  :«  DEFAULT  WIDTH; 

In  MaOER.BASS  DEFAULT_BASE)  ; 

procedure  GET 

(FROM 

ITEM 

:  in  STRING; 

:  out  MUM; 
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LAST  :  out  POSITIVE) ; 

prtredure  POT  <tO  :  out  STRING, 

ITEM  :  In  MOM; 

MSE  In  MQMHERJBASE  DEFA0LT_BA3E) ; 

end  INTEGER  10; 


pragma  PAGE; 

—  Oeneric  Packages  for  Input -Output  of  Real  Typoa 
ganarle 

typo  mm  la  digits  o; 
package  IXOAT_IO  la 

DEFADLT_FORE  :  FIELD  :■  2; 

DETADLT~ArT  :  FIELD  (TOM' DIGITS  -  l; 

defaolt  jbxp  field  3. 

proeadura  GET  (FILE  :  in  FILE  TYPE; 

ITEM  :  out  HOM- 
WIDTH  :  in  FIELD  0) ; 

proeadura  GET  (ITEM  :  out  WON; 

WIDTH  :  in  FIELD  0)  ; 

proeadura  POT  (FILE  :  in  FILE  TYPE; 

ITEM  :  in  NOM;- 

FORE  :  in  FIELD  DEFAOLT  FORE; 

aft  :  in  FIELD  DEFAOLt“aFT; 

EXP  :  in  FIELD  0EFA0LT-EXP ) ; 

proeadura  POT  (ITEM  :  in  HUM. 

rORE  :  in  FIELD  DEFAOLT  FORE; 

AFT  :  in  FIELD  DEFAOLT- AFT; 

EXP  :  in  FIELD  DEFAOLT~EXP ) ; 

proeadura  GET  (FROM  :  in  STRING. 

ITEM  :  out  NOM; 

LAST  :  out  POSITIVE) ; 
proeadura  POT  (TO  :  out  STRING; 

ITEM  :  in  ROM; 

AFT  :  in  FIELD  DEFAOLT  AFT; 

EXP  in  FIELD  DEFAOLT- EXP )  ; 

and  FLOAT  IO; 


pragna  PAGE; 
ganarie 

type  MOM  la  delta  <>; 
package  riXED_IO  la 

DEFAOLTJFORE  :  FIELD  NOM' FORE; 

DEFAOLT_AFT  :  FIELD  NOM' AFT; 

OEFAOLTJEXP  :  FIELD  0; 

proeadura  GET  (FILE  :  la  FILE_TYFE; 

ITEM  :  out  ROM? 

WIDTH  :  In  FIELD  0) ; 

proeadura  GET  (ITEM  :  out  MOM; 

WIDTH  :  In  FIELD  :«  01; 

proeadura  POT  (FILE  :  in  FILE  TYPE; 

ITEM  :  in  NOH;- 

F0RE  :  in  FIELD  DEFAULT  TORE; 
ATT  :  la  FIELD  DEFAOLT- AFT; 

EXP  :  in  FIELD  DEFAOLT- EXP) ; 

proeadura  POT  (ITEM  :  in  NOM; 

rORE  :  in  FIELD  DEFAULT  FORE; 
AFT  :  in  FIELD  DEFAOLT- AFT ; 
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EXP  ; 

:  in  riELD  DEFAULT_EXP) ; 

procedure  SET 

(PROM 

ITEM 

LAST 

in  STRXRO; 

:  out  MOM; 

:  out  POSITIVE) ; 

procedure  POT 

(TO 

ITEM 

A IT 
EXP 

out  STRING; 

In  HUM; 

In  FIELD  DEFAULT  ATT; 

In  FIELD  DEFAULT  EXP); 

end  FIXED_IO; 

pragma  pace.- 

—  Generic  Package  fee  Input-Output  of  Enumeration  Typos 
generic 

typo  WON  is  (<>)  i 
package  EMUMERATXON_XO  Is 

DEFAULT  WIDTH  :  nELD  0; 

OEFADLT”SETTING  :  TYPE_ SET  UPPER  CASE; 


procedure  SET 

(FILE  : 

In  FILE_TTPE; 

ITEM  :  out  ENOM); 

procedure  SET 

( 

XTEM  :  out  EMM); 

procedure  POT 

(FILE 

:  TILE  TYPE; 

ITEM 

:  In  EMCM; 

WIDTH 

:  m  FIELD 

DEFAULT  WIDTH; 

SET 

:  In  TYPE  SET 

DEFAULT~SETTINC) ; 

procedure  POT 

(ITEM 

:  In  EMOmT 

WIDTH 

:  In  FIELD 

DEFAULT  WIDTH; 

SET 

:  In  TYPESET 

OEFAnLT~SETTING) ; 

procedure  GET 

(FROM  : 

In  STRING; 

ITEM  ; 

out  EMOM; 

LAST  ; 

out  POSITIVE) 

procedure  POT 

(TO 

out  STRING; 

ITEM 

In  EMM; 

SET 

In  TTPE  SET 

DEFAOLT_SETTIMG) ; 

end  ENOMERAXIOWJCO; 

prsgsia  PACE; 


—  Exceptions 

STATUS  ERROR 
MODE  ERROR 
NAME- ERROR 
USE  ERROR 
DEVICE  ERROR 
END  ERROR 
DATA  ERROR 
LAYOUT  ERROR 


pragma  page; 
prlvoto 

typo  rilX_TT»E  is 
record 

FT  :  INTEGER  -X; 
end  record; 

ond  TEXT  IO; 


exception  ran 
exception  rei 
exception 
exception  ran 
exception  ren 
exception  rei 
exception  r 
exception  ran 


XO  EXCEPTIONS .  STATUS  ERROR; 
XO~EXCEPTXONS.NOOE  ERROR. 
XO~£XCEPTIOWS . MAME~ ERROR; 

io“exceptiows.use  error. 

XO~ EXCEPTIONS ■ DEVICE  ERROR; 
IO'eXCEPTIONS.EMD  ERROR; 

IO  EXCEPTIONS. DATA  ERROR. 
IO~EXCEPTXONS. LATOOT  ERROR; 
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F JU  Package  IO_EXCEPTIONS 

The  specification  of  the  package  IO.EXCEPTIONS: 


package  io_txctrr:ons  is 


status  error 

NCOS  ERROR 
NAME~ERROR 

oat  Error 

Device  [Ntos 

CUD  ERROR 
DATA  ERROR 
LATOCI  ERROR 


exception, 
exeeptlon; 
•xc«ptlon; 
exception ; 
exception; 
exception; 
•xcapclon. 
•xcapclon; 


and  10  EXCZf  TIOHS ; 


F A3  Package  BASIC  JO 

The  specification  of  package  BASICJO: 


with  I0JEXCCTTI0N3; 
package  BASIC_io  is 

cypa  count  Is  range  0  . .  Integer' last; 

subeypa  posltlvejcount  Is  counc  range  1  ..  count' last; 


function  get_lnteger  ratum  string; 

—  Skips  any  loading  blanks,  lino  terminators  or  page 
--  terminators.  Than  roads  a  plus  or  a  alnus  sign  if 
--  prosont.  than  roads  according  to  tho  syntax  of  an 

—  Intagar  litoral,  which  nay  bo  basod.  stores  la  ltsat 

—  a  string  containing  an  optional  sign  and  an  lntogor 

—  litoral. 

—  tho  exception  DAZAJERROR  Is  raised  if  tho  sequence 

—  of  characters  doos~not  correspond  to  tho  syntax 
--  described  above. 

—  The  exception  EMD_ERR0A  Is  raised  If  the  file  terminator 
--  Is  read.  This  Mans  that  the  starting  sequence  of  an 

—  Integer  has  not  been  met . 

—  Note  that  the  character  terminating  the  operation  oust 

—  be  available  for  the  next  get  operation. 

function  getjreal  return  string; 

—  Corresponds  to  get_lnteger  except  that  It  reads  according 

—  to  the  syntax  of  a~real  literal,  which  may  be  based. 


function  got_enumeratlon  return  string; 

—  Corresponds  to  get_lnteger  except  that  It  reads  according 

—  to  the  syntax  of  an  Identifier,  where  upper  and  lower 

—  case  letters  ate  equivalent  to  a  character  literal 
--  including  the  apostrophes. 
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function  get_ltam  (longth  :  in  Integer)  return  atrlng; 

—  Midi  «  string  free  the  current  line  end  stores  it  in 
--  ltam.  If  the  ruining  number  of  chernetors  on  tho 

—  current  lino  is  loss  then  length  ehon  only  those 

—  characters  ere  returned.  Tho  lino  terminator  is  not 
--  skipped. 

procedure  put_itea  (itse  :  in  string) ; 

—  If  tho  length  of  tho  string  is  greeter  then  the  current 
--  sssIsm  lino  (llnelength),  tho  oaception  JJkTOO?_EMtOft 

—  is  raised. 

—  If  tho  string  does  not  fit  on  tho  current  lino  a  lino 

—  terminator  is  output,  then  tho  item  is  output. 

—  Lino  and  page  lengths  -  MM  14.3.3. 

procedure  aec_line_langth  (to  :  in  count); 

procedure  set_page_length  (to  ;  in  eount) ; 

•function  line_longth  return  count; 
function  page_length  return  count ; 

—  Operations  on  column  a ,  lines  and  pages  -  MM  14,3.4. 

procedure  new_line; 

procedure  sklp_llne; 

function  eed_of_llno  return  boolean; 

procedure  nee _page; 

procedure  aklp_page; 

function  end_of_page  return  boolean; 

function  end__of_flle  return  boolean; 

procedure  set_col  (to  ;  in  positivejeount) ; 

procedure  set_llne  (to  :  in  positlve_eount) ; 

function  col  return  poi 1 t lve_Count ; 

function  line  return  positivejeount; 

function  page  return  poa  1 1 1  ve __coun t ; 

—  Character  and  string  procoduros. 

—  corresponds  to  tho  procedures  defined  in  MM  14. 3. C. 

procedure  get_character  (item  :  out  character); 

procedure  get_strlng  (item  :  out  string) ; 

procedure  get_llne  (item  :  out  string; 

^  last  :  out  natural); 

procedure  put_character  (item  :  in  character); 

procedure  put_string  (item  ;  in  string); 
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procadura  put_llna  (ltam  :  la  string) ; 


—  axcaption* : 


on  error 

DEVICE  ERROR 

no  error 
MSA  man 
latoot  error 


axeaption  nniMi 
axcaption  nuMi 
axcaption  ran smas 
axcaption  ran ana 1 
axcaption  ranama* 


10  EXCEf TXQM3 .  OSS  ERROR; 

IO~ EXCEPTIONS  -  DEVICE  ERROR; 

xo~ExcsmoMs.no  error, 

IO~ EXCEPTIONS . DATA  ERROR; 
IQ~ EXCEPTIONS . LAYOCT  ERROR; 


•nd  BASIC  10; 


F.8.4  Packafe  TERMINALD  RIVER 

The  specification  of  package  TERMIN AL_DRI VER : 


packaga  TERMHU1_DRIVER  IS 

procadura  put_charaetar  (eh  ;  In  eharaccar) ; 
procadura  gat_eharaetar  (eh  :  out  eharaccar)  ; 
prlvata 

pragma  lntarfaea  (ASMS*,  put_eharaetar) ; 

pragma  lntarfaea_spalling(put_charaecar, *01ZtOT?puc_eharaecar*) ; 
pragma  lntarfaea  (ASMSC,  gat_charactar)  ; 

pragma  lncarfaea_apalllng(get_eharaetar, •DlIGET?gat_charactaf)  ; 
and  TSRMHIAL  DRIVER; 


FAS  Packages  SEQUENTIALJO  and  DIRECTJO 

The  specifications  of  SEQUENTIAL_IO  and  DIRECTJO  are  specified  in  the  ARM: 

Since  files  are  not  supported  the  subprograms  in  these  units  reaise  USE.ERROR  or 
STATUS.ERROR 
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FA6  Package  LOW  JLE VEL-IO 

The  specification  of  LOW_LEVEL_IO  (16  bits)  is: 


with  Systaa; 

package  LOW_LEVEl_IO  is 

subtype  port_addraas  is  Systaa. OnsignedNord; 

typa  il_lo_l  is  new  iottfsr  rang*  -12*. .127; 

typ*  ll”lo”lC  is  new  integer; 


procedure  send_control (device  : 

data 

—  unalgnad  •  bit  antity 

procedure  sand_eontrol (daviea  : 

~  data 

—  unsigned  1C  bit  antity 

preeadur*  s*nd_eentrol (daviea  : 

data 

—  signed  •  bit  antity 

proeadur*  s*nd_eontrol (device  : 

data 

—  signed  1C  bit  antity 

proeadura  racalva_eontrol (daviea 
~  data 

—  unsigned  •  bit  antity 


procedure  raeelva_eontrol (device 

data 

—  unalgnad  1C  bit  antity 

proeadur*  r*e*lv*_eentrol (daviea 

data 

—  signed  •  bit  antity 

proeadura  r*eeiv*_control (daviea 
~  data 

—  signed  1C  bit  antity 


in  port_address; 
in  systaa.Byta) ; 


In  port_addraas ; 

In  Systaa. OnsignadNord) ; 


in  port  address; 
la  11  la  S); 


in  port  address ; 
in  11  lo  1C); 


in  port_addr*ss; 
out  Systaa.Byta) ; 


in  porc_addre*s; 

out  Syataa.DnaignadHord) ; 


in  port_address; 
out  11  lo_S>; 


in  port_address; 
out  11  lo  1C); 


prlvata 

pragma  lnlina(sand_eontrol,  r*c*lva_con troll ; 
and  LON  LEVEL  10; 


Tha  specification  of  LOW_LEVEL_lO  (32  bits)  is: 

with  313'iZH; 

package  LOW_LEVEL_IO  is 

subtype  port_addrass  is  Systae.OnaignadNord; 

type  ll_io_i  Is  new  short_lnt*g*r  rang*  -121 . . 127; 

type  U>;iC  is  now  short_lnteg*r; 

type  ll~lo~32  Is  new  integer; 

proeadura  s*nd_eontrol (device  :  la  port_addraas; 

~  data  :  In  Systaa.Byta); 

—  unsigned  B  bit  entity 

proeadura  s*nd_control (device  :  in  port_addrass; 

data  :  In  System.  OnsignadNord)  ; 
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--  unsigned  1*  bit  barley 

procedure  •ead.eontrol (device  :  la  pert_eddreaa; 

data  :  la  Syataa.OnalgnedDNord) ; 

—  uaalgned  32  bit  entity 

proeadura  aend_control (device  :  In  port_addrais ; 

”  data  :  la  ll_lo_*j; 

—  sign  ad  •  bit  aatlty  **  ” 

proeadura  iaad_control (davlca  :  la  pore.addreaa; 

data  :  la  ll_lo_ll) ; 

—  aigned  1<  bit  aatlty 

proeadura  tand_eontrol (davlca  :  in  port_addrssi; 

data  :  la  ll_lo_32); 

—  algaad  32  bit  aatlty  “ 

proeadura  raealva_eontrol (davlca  ;  la  port.addreaa  ; 

”  data  :  out  syataa.Byte) ; 

--  uaalgnad  •  bit  aatlty 

proeadura  recelve^conerol (device  :  la  port_addrass  ; 

data  :  out  Syataa.OaalgnadHord) ; 

—  unalgaod  1*  bit  aatlty 

proeadura  raealv«_eontrol (davlea  :  la  port_addreaa; 

~  data  :  out  Syataa.OnalgnedDNcrd) ; 

--  uaalgnad  32  bit  aatlty 

proeadura  receive_eontrol (device  :  la  port_addreaa; 

data  :  out  li JIo_l) ; 

—  algaad  •  bit  aatlty  “ 

proeadura  receive_control (device  :  la  port_addraaa; 

'  data  :  out  ll_To_l<) ; 

—  algaad  1<  bit  aatiey  ~ 

proeadura  receive_eontrol (davlca  :  In  port_addraaa; 

~  data  :  out  ll_lo_32); 

--  algaad  32  bit  aatlty  “  “ 


prlvata 

pragma  inline (aend_eonerol,  racalva_eantrol) ; 
and  LON  IXVtL  10; 


F.9  Machine  Code  Insertions 

The  reader  should  be  familiar  with  the  code  generation  strategy  and  the  80x86  instruction  set  to 
fully  benefit  from  this  section. 

As  described  in  chapter  13.8  of  the  ARM  (DoD  83]  it  is  possible  to  write  procedures  containing 
only  code  statements  using  the  predefined  package  MACHINE.CODE  The  package 
MACHENE.CODE  defines  the  type  MACHINEJNSTRUCTION  which,  used  as  a  record  aggregate, 
defines  a  machine  code  insertion.  The  following  sections  list  the  type  MACHINEJNSTRUCTION 
and  types  on  which  it  depends,  give  the  restrictions,  and  show  an  example  of  how  to  use  the 
package  MACHINE.CODE. 
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F.9.1  Predefined  Types  for  Machine  Code  Insertions 

The  following  types  are  defined  for  use  when  making  machine  code  insertions  (their  type 
declarations  are  given  on  the  following  pages): 

type  opcode  .type 
type  operand  .type 
type  register.type 
type  segmeru.register 
type  machine Jnstruction 

The  type  REGISTER.TYPE  defines  registers.  The  registers  STi  describe  registers  cm  the  floating 
stack.  (ST  is  the  top  of  the  floating  stack). 

The  type  MACHINE  JNSTRUCTION  is  a  discriminant  record  type  with  which  every  kind  of 
instruction  can  be  described.  Symbolic  names  may  be  used  in  the  form 

name 'ADDRESS 

Restrictions  as  to  symbolic  names  can  be  found  in  section  F.9.2. 

It  should  be  mentioned  that  addresses  are  specified  as  80386/80486  addresses.  In  case  of  other 
targets,  the  scale  factor  should  be  set  to  "scale.!". 


type  opcode. type  is  < 

—  aoas  Instructions: 


a  AAA, 

a.AAD,  a_AAM, 

a.AAS.  a_ADC,  a.ACO,  a_AND, 

a_CALL, 

a  CALLN, 

“a  cam. 

a  CLC,  a  CLD, 

a  CLZ,  a  CMC.  a  Off,  a  CMPS, 

a  CUD. 

mm. 

a~ DAS, 

a~DEC,  a~DIV, 

a~HLT,  a~IDIV,  a~XMOL,  a~IN, 

a~ INC, 

a  ML 

a~ INTO, 

a” IRET,  a“jA, 

a~JAE,  a- JR,  a~ JIE,  a~JC, 

a~JCX2, 

a  A 

a“je. 

a  JGE.  a  A. 

a.AE,  a~JNA,  a  JNAE,  a  JOT, 

a  JUNE, 

aJC 

a*JOT. 

a_JNG.  a.JUSE, 

a  JOT,  a  JNLE,  a  JNO,  a  JNP, 

a  JUS, 

aJ*. 

a~JO, 

a  JP,  a  JPE, 

a  JPO,  »~js,  m~JZ,  a”  JNP, 

a~LAflr, 

ant 

a~LES, 

a  LEA,  a  LOCK, 

a~LOOS,  a~LOOP,  a^LOOPE, ~ 

a  LOOP  HE.  a  LOOPNZ, 

a  LOOPZ, 

a  NOV,  a  NOVS, 

a  MOL,  a  OTG,  a  NOP,  a  NOT, 

a  OR, 

acm 

b”pop. 

a~POpr,  a~POSB, 

a” POSBF,  a” RCL,  a~RCR, 

a  ROL,  a~ROR, 

a~REP, 

a  RIPE,  a  REPOT, 

a” RET,  a~REXP.  a~RETN, 

a~RETNP,  “ 

BSV, 

m~ SAL, 

a_SAR,  a_S«L, 

a  SHR,  a~ SRB,  a  SCAS,  a  STC, 

a_STD, 

aSEL 

a- STOS, 

a~SOB.  a_TEST, 

a~HAIT,  a~XCNG,  a~XLAT,  a"xOR, 

—  8oa7/aoi87/a0287  Floating  Point 

Processor  instructions: 

a  PASS, 

a  rADD,  a  FADOD, 

a  faddp,  a  fild,  a  rasTP, 

a  rcas. 

a  FNCLEX, 

a~FCQM,  a~FC0K>, 

a”rea*,  a”FCO»D,  ■  rcoKPP, 

a  FDECSTP, 

a-roiv. 

a'rorVD,  a**FDZVP, 

a  FDIVR,  a~rBZVRD,  a  FDIVRP, 

a~rrREE, 

riADD, 

a  riADDO.  a  FZCOM, 

a  fic aw,  a  rzcoKP,  a  rzeoMPO,  a  rzozv. 

a” riDZVD, 

a  norm,  a  rmrvuo. 

a  FILD,  a  riLDO.a  FILDL, 

a  FIMOL, 

a'riMDU, 

a'riHCSTP,  a~FNINZT, 

a  FIST,  a~FlSTD, a~ risiP, 

a'riSTPD, 

a~ riSTPL, 

a~rzsm,  a~ riSCBD, 

a  FISDBR,  a  FISUBRD,  a  FLO, 

a~FLDO, 

a- FLDCW, 

a~ IXDEMV,  a” FLDLS2 , 

a  FLDLN2,  a  FLDL2E,  a  FLDL2T,  a  FLOP I, 

a~ FLOS, 

a  riCl,  a~FMDL. 

a  FMOLD,  a  FMDLP,  a  not. 

a  FPATAN, 

a”rfWtH. 

a  fptam,  a'nwDnrr, 

a  FRSTOR, ~  a  FSAVE, a  F SCALE, 

a_FSETPN, 

a'VsORT, 

a_FST,  a“rs». 

a  FSTCN, a  FSTENV,  a~rjTP, 

a  rsTPD, 

a~ rsrsv. 

a~rsrsMAX,  a~rsoa. 

a  : FSUBD,  a~ rSOBS,  a~ rSOBR, 

a  FSOBRD, 

a~rsomp. 

a~rrsr,  a"n«AZT, 

a  FXAM,  a  FXC1,  a  EXTRACT,  a  FYL2X, 

a~rruxpi 

e~r2EHl, 

—  aom/«02«C/a03M  instructions: 

—  Notice  that  soom  1ms dints  versions  o f  the  SOSC 

—  Instructions  only  exist  on  those  targets 

—  (shifts, rotates, push, lanl, ...) 

■  soono.  ■  cits,  ■  mm,  ■  ins,  ■  las,  ■  leave,  ■  lost. 

a.LIDT,  e_LSL,  a"OCTS,  e_PO»A,  a.PCSRA, a.SGOT,  a_SIDT, 
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SjWPl.  a_LLDT,  *_1MSW,  *_LTA, 

—  It  bit  . . . 

a_SLDT,  «_3MSW,  a_STA,  *_vn»,  e_VERW, 

—  Ch«  803SC  specific  instruction*: 


a  SETA, 

a  SET AX, 

*_SETB, 

a  SETBE,  a  SETC, 

a  SETS, 

a”ssro. 

m" sent. 

■“JETL, 

a~3ETL£,  a“sETNA, 

a_3ETNAE, 

a  szm, 

a'scmiz. 

a  seme, 

u~ SETWX,  a  3ETNG. 

a  setmoe. 

a~  SETML, 

b~SETH1X. 

a~3ETWO,  a~SETNF. 

a  SETHS, 

a  setwz. 

a~SETO, 

a”SETP, 

a” 3ETFE,  B~ SETPO, 

a~ SETS, 

r~SEM, 

a  1ST, 

a  B3A, 

■_BT, 

a  BTC, 

a  BTR, 

.tJK8, 

a~LPS, 

a~L33, 

a  lss. 

a~MOVZX, 

,  a  MOVSX, 

a  Move*. 

a~M0VSB, 

■“movta, 

b-S1LD, 

sans, 

—  eh*  80387  specific  instruction*: 


a  rOCGM, 

a  rccow. 

a  FSCCMPP,  a  rPAXMl,  ■  rSIM,  i 

a_rsxwcos. 

—  byte/w 

ord/dword  variants  (to 

be  used,  when 

—  not  deductible  frea  context) : 

a  ADO, 

a  ADCW, 

a  ADCS, 

a  ADDS, 

a  ADOW,  a  ADOS, 

a  AMDS, 

a~AHSW, 

a  AMBS, 

a~BTW. 

a~BT0,  a~BTCW, 

a~BTCO, 

a~ BTMf, 

b“btbd. 

a“ BTSW, 

a~BTSO,  a” CBMN, 

a  CNCE, 

xTamu, 

a  CSC, 

a~CMPB, 

a~CMPW,  a  CUPS, 

b“cmps8. 

a~CMPSH. 

a  CMP  SO, 

a~ DECS, 

a  OECW,  a~ DECS, 

a~DIVB, 

a~sxvw. 

a~0XVS. 

a"lBIVB, 

a  xorvw,  a_XDXVD, 

a~ IMOLB, 

a~  IMOLM, 

a~IMSLO, 

b~ihcb. 

~  a  mew,  "  a  xkcd, 

a~  XHSB, 

a~XN3W, 

i»~ INSD , 

a~  LCDSB, 

a  LOOSW,  a  LOS SO, 

a~M0VB, 

a~MOVN, 

a~MOVB. 

a~MCVSB, 

a~M0VSH,  a  MOV SO, 

«~M0V3XB, 

a~HOVSXN, 

a~MOVZXB, 

a~MCVZXW 

,  ~  a  KOLB,  a  MSLW, 

m” MOLD, 

*-MIO. 

a~HEGN, 

a~NEQO, 

a~ HOTS,  a~HOTW, 

*“H0TS. 

ajORB, 

b“orw, 

a~ 0X0, 

a~OOTSB,a  OCTSW, 

a  'out SO, 

a  PCPW, 

a- POPS, 

a~P0SBW, 

a  POSAD,  a~ACLS, 

a  RCLW. 

a  ACID, 

a~ ACRS, 

a~RCRW, 

~  a  ACAD,  ~  a  KOLB, 

B  AOLW, 

a  BOLD, 

a~RORB. 

a~RORN, 

a~AOAD,  a~ SALB, 

m~ SALW, 

a  3ALD, 

a  SAAB, 

a- SARK, 

B~  SAAD,  a~SBLB, 

a~SRLN, 

a  SBLOW, 

a~sns. 

a  SXBH. 

a~ SKADM, a  SBBB. 

a  SBBW, 

a~SB80. 

a_3CASB, 

a  scasw, 

a  SCUD,  a  STOSB, 

a  STOSW, 

a  STOSD, 

a  SUSS, 

a~S0BN, 

~  a  SOBS,  ~  a  TESTS, 

a'TESTW, 

a  TESTS, 

aJCOAB, 

aJCORH, 

aJCORD,  e_DATAB 

a_0ATAH, 

a  OATAD. 

—  Special 

'Instructions'  : 

a_lab*l 

a_res*t. 

—  *087  Camp  r*«l  load/stor*_and_pop:  a_FLDT,  aJTSTPT) ; 


prspw  page; 

eyp*  op*rand_type  Is  (  non*,  ~ 

lsssadlae*, 
register, 
address, 
sys tea_address , 
naae, 

r*glst*r_ls— dlac*. 


register_regist*r, 
regls ter~addres* , 


addr*ss_register. 


no  operands 

—  on*  1  —diet*  operand 

—  on*  register  operand 

—  on*  address  operand 

—  on*  'address  operand 
—  OIL  naae 

—  two  operands  : 

--  destination  Is 

—  register 

—  source  is  laasrll  ste 

—  two  register  operands 

—  two  operands  : 

--  destination  Is 
--  register 

— -  source  Is  address 

—  two  operands  : 


reos, 
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addreas_lnaarUate, 

ayataa_addreaa_laaa dlata . 

1— dlata _la»e dlata, 

rogl*ter_tegl*ta  r_l— dlata, 

reglater_addre  aa_iana dlata, 
reglster^*ystaajaddreas_ias>edlate, 
addraa«_reglatar^l  imedlata, 

sy*taa_addraae_roglstor_lwasd.1  ate 


—  destination  la 

—  address 

—  aourca  la  register 

—  two  operands  : 

—  destination  la 

—  register 

--  aourca  la  'address 

—  two  oparanda  : 

—  daatlnatlon  la 

—  * addraaa 

--  aourca  la  register 

—  two  oparanda  : 

—  daatlnatlon  la 
--  addraaa 

—  aourca  la  laaadiata 

—  two  oparanda  : 

—  daatlnatlon  la 

—  'addraaa 

—  aourca  la  laiadlata 

—  only  allowed  for  OOT 

—  port  la  laaadlato 

—  aourca  la  reglater 

—  only  allowed  for 

—  allowed  for  XMDllaa, 

—  SBRDUaa,  SBLDlaa 

—  allowed  for  IMDLlawi 
allowed  for  SKTLlaai 

—  allowed  for  SBBOlasa, 

—  SBLDlaa 

—  allowed  for  SSBDlaa, 

—  simian 


type  register  type  la  (AX, 

cx. 

ox. 

BX. 

SB, 

BP. 

SI. 

01.  — 

word  rags 

AL. 

CL. 

DL. 

BL, 

AB. 

CB. 

OB, 

BB.  — 

byte  rags 

EAX, 

>ECX, 

,EDX, 

r  EBX, 

ESP 

.EBP 

,  ESI, 

EDI,  — 

dword  rags 

ES. 

cs. 

as. 

DS. 

rs. 

OS. 

— 

selectors 

BX_3I,  BX_DI.  BP_SI,  BP_DI,  —  SOBC/B01BC/B02BC  coablnationa 
ST,  ST1,  ST2,  STS.  —  floating  registers  (stack) 

ST4,  STS,  ST*,  ST7, 

nil); 

—  the  extended  raglatars  (BAX  . .  EDI)  plus  F3  and  GS  are  only 

—  allowed  In  8038C  target* 

type  scale_type  la  (scale_l,  seale_2,  scale_4,  acale_8) ; 
subtype  tutchlnajatrlng  la  string (1.  .100)  ; 


pragaa  page; 

type  aachlna_lnat suction  (oparand_klnd  :  ope r an d_ type)  is 
record 

opcode  :  opcoda_typa; 

casa  operand_klnd  la 
•then  1  Mediate  -> 

laaadlatal  :  Integer;  —  1  Mediate 


whan  register  -> 

r_regl*ter  :  regia ter_type;  —  aourca  and/or  destination 


whan  address  - 
a_aegaent 
a_addraaa_baaa 
a~addres*~lndax 
a~addreaa~scale 
a” addrasa~off set 


raglstar_typa;  —  source  and/or  destination 
:  reglater_typa; 

:  regiater~type; 

:  scale_type; 

:  integer; 


when  systea_addresa  -> 

aa_addreas  ;  syataa. address;  —  destination 
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whan  mm  "> 

n_strlng  :  aachlno_atrlng;  —  CAU  daatination 


whan  raglata  r_l— dlata  -> 

r_i_ragiatar_to  :  ragiatar  typa; 

r_l_U— dlata  :  uetgtr;' 


whan  ragistar_ragiatar  •> 
r_r_raglatar_to 
r_r_raglitar~fro« 


ragiatar_typa; 

raglatar~typa; 


whan  ragiatar_add zaaa 
r_a_rngiatnr_to 
r_a~aagmant  ” 
r_a~addraaa_baaa 
r_a~addraa  a^indax 
r_a~addr aa a_acala 
r_a~addraaa_offaat 


raglatar_ty pa; 

raglatar~typa; 

ragiatar~typa; 

raglatar^typa; 

acala_typa; 

lntagar; 


whan  addraas_rnglatar 
»_r_»»<paant 
a_r~addraaa_baaa 
a_r~addraaa~ln<1ax 
a_r~addraaa~aeala 
a_r~addr aa  a~o  £  f  a  a  t 
a_r~raglatar_froai 


:  raglatar_typa; 
:  ragiatar” typa; 
:  raglater~typa; 
:  aeala_typa; 

:  lntagar; 

:  raglatar_typa; 


whan  raglatar_ayataai  addraaa  -> 

r_»a_ragiatar_co  ~  :  ragiatar  typa; 

r_*«_addraaa  :  ayataa. addraaa; 


whan  ayata«n_addraas_ragiatnr  -> 

aa__r_«ddraaa  ~  :  ayataa. addraaa ; 

“.t.^Jroa  :  taflitac  typa; 


whan  addraaa_ 1  nwia  dlata 
a_i_aagmant 
a_l”addr aa a_baaa 
a_l“addraaa_indax 
a_i”addraaa~acala 
a_i”addraas”o££aat 
a_l”lMBadl  at  a 


:  raglatar_typa; 
:  raglatar”typa; 
:  raglatar~typa; 
:  aeala_typa; 

:  lntagar; 

:  lntagar; 


whan  ayataa_addraaa_laaaadlata  -> 

*«^l_addraaa  -  :  ayataa. addraaa ; 

aa_l_laaadlata  ;  lntagar; 


whan  lamodiata_ra9latar  ■»> 

l_r_lanadlata  :  lntagar; 

l_r_raglicar  :  raglatar_typa; 

whan  ianadiata_lamadiata  -> 

l_l_taa»adlatal  :  lntagar; 

l_l_U»»adiata2  :  lntagar; 


whan  raglatar_raglater_laoediata  -> 

f_*'_l_raglatarl  :  ragiatar  typa; 
r_r_l_rnglatnr2  :  raglatar'typa; 
r_*_l_l«aadlata  :  lntagar;  ” 


whan  raglatar_addraaa_lMadlata  ■> 

r_«_l_ragtatar  ”  :  raglatar_typa; 

r_«_l_»agaant  :  ragiitar_typa; 

-_«_l_»ddraaa_baaa  :  ragiatar_typa; 
- _*_l_»ddraa x_lndax  :  ragiatar_typa; 
r_a_l_addraaa_aeala  :  acala_typa; 
r_4_l_addraaa_of f ant :  lntagar; 
r_4_l_laaadlata  :  lntagar; 


whan  raglstar_ayataa_addraaa_laMedlata  -> 

l_*a_l_rnglatnr  T  raglatar_typa; 
•ddrlO  :  ayataa. addraaa; 
r_ia_i_laaa<Uata  :  lntagar; 


—  daatination 
--  aourea 


—  daatination 
--  aourea 


—  daatination 

—  aourea 


—  daatination 


--  aourea 


—  daatination 
--  aourea 


—  daatination 

—  aourea 


—  daatination 


--  aourea 


—  daatination 

—  aourea 


—  daatination 
--  aourea 


—  laaBodlatal 

—  lawadiata? 


—  daatination 
--  aourral 

—  aourea2 


—  daatination 
--  aourcal 


aou  rca2 


—  daatination 

—  aourcal 
—  aourea? 
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whan  addraas_ra«lacar_UMdiata  •> 

a_r_r.*afl*ant  “  :  mgl»tnr_typa;  —  daatlnaeien 

a_c_l_addraaa_baaa  :  rwfllitar.typw; 

*~r~i2*d<lr«*»~lndax  :  ra«latar~eypa; 
a~E~l“*ddra»*“se*la  :  *c«l«_typa; 

•~r~l~addraas3of f*ac :  Ineagar; 

*”r~l3r»9l»t«7  :  ra«isear_cypa;  —  seurcal 

«Jr33*lll,,^*t*  :  lntaflar;  ~  —  iourea2 

whan  »y«t— _addgu»«.r«ql»tT.l— illatw  •> 

••_r^_l_*ddrai«  ayacaa.addraaa; 

a^_r,r.ra9lataE  :  ra9iacar_eypa; 
aaJrJlJlaMdlaca  :  lntayar;  ~ 

whan  othora  «> 
null; 
and  eaaa; 
and  caeord; 

and  aachina  coda; 


F.9 2  Restrictions 


Only  procedures,  and  not  functions,  may  contain  machine  code  insertions. 

Symbolic  names  in  the  form  x'ADDRESS  can  only  be  used  in  the  following  cases: 

1)  x  is  an  object  of  scalar  type  or  access  type  declared  as  an  object,  a  formal  parameter,  or 
by  static  renaming. 

2)  x  is  an  array  with  static  constraints  declared  as  an  object  (not  as  a  formal  parameter  or  by 
renaming). 

3)  x  is  a  record  declared  as  an  object  (not  a  formal  parameter  or  by  renaming). 


The  m_CALL  can  be  used  with  "name”  to  call  (for)  a  routine. 

Two  opcodes  to  handle  labels  have  been  defined: 

m .label:  defines  a  label  The  label  number  must  be  in  the  range  1  <*  x  <*  999  and  is  put 

in  the  offset  field  in  the  first  operand  of  the  MACHINE.INSTRUCTION. 

m.reseu  used  to  enable  use  of  more  than  999  labels.  The  label  number  after  a  m.RESET 
must  be  in  the  range  1<=  x  <=  999.  To  avoid  errors  you  must  make  sure  that  all 
used  labels  have  been  defined  before  a  reset,  since  the  reset  operation  clears  all  used 
labels. 

All  floating  instructions  have  at  most  one  operand  which  can  be  any  of  the  following: 

•  a  memory  address 

•  a  register  or  an  immediate  value 

•  an  entry  in  the  floating  stack 


--  daitl  nation 

—  jourcal 

—  *ourc*2 
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FJJ  Examples 

The  following  section  contains  examples  of  how  to  use  the  machine  code  insertions  and  lists  the 
generated  code. 


F.9.4  Example  Using  Labels 

The  following  assembler  code  can  be  described  by  machine  code  insertions  as  shown: 

MOV  AX, 7 
MOV  CX, 4 

cm  juc.cx 

JO  1 
JE  2 
MOV  CX, AX 
1:  ADO  AX, CX 
2:  MOV  SS:  [BP+DX] ,  AX 

packaga  axaapla_MC  is 

procadura  Ca«C_labals; 

pragma  Inllna  7taat_labal«) ; 
and  axaapla_MC; 

with  MACH INE_CODE ;  u»a  MACHINE_COOE; 
paekaga  body- axaap la_MC  la 


procadura  ta*t_labal*  la 
bagln 

MACHINE  INSTRUCTION '  (raglatar  madia Ca,  a  MOV,  AX,  7)  ; 
MACHINE  INSTRUCTION' (raglatar  laawdlata,  a~MOV,  CX,  «>; 
MACHXME'instroctioN' (raglacar  raglatar.  a~CKP,  AX,  CX); 

MACHINE- INSTRUCTION' (laaa Plata,  a” JO,  I); 

MACHINE-INSTRUCTION' (laawdlata,  a~JE,  2); 

MACHINE-INSTRUCTION' < raglatar  raglatar,  a  MOV,  CX,  AX); 
MACHINE— INSTRUCTION' (lnaadlata,  a  labal,  1) ; 

MACHINE-INSTRUCTION' (raglatar  raglatar,  a-  ADO,  AX,  CX); 
MACHINE-INSTRUCTION' (lnaadlata,  a  labal,  2~; 
MACHINE-INSTRUCTION'  (addraaa  raglatar,  a  MOV,  SS,  HR, 

OX,  aeala_l,  0,  AX); 

and  taat_labala; 
and  axaapla_MC; 


F.9J  Advanced  Topics 

This  section  describes  some  of  the  more  intricate  details  of  the  workings  of  the  machine 
code  insertion  facility.  Special  attend  on  is  paid  to  the  way  the  Ada  objects  are  referenced  in 
the  machine  code  body,  and  various  alternatives  are  shown. 
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F.9J.1  Address  Specifications 

Package  MACH1NE.CODE  provides  two  alternative  ways  of  specifying  an  address  for  an 
instruction.  The  first  way  is  referred  to  as  SYSTEM.ADDRESS  and  the  parameter  associated 
this  one  must  be  specified  via  OBJECT* ADDRESS  in  the  actual  MACHINE.CODE  insertion.  The 
second  way  closely  relates  to  the  addressing  which  the  80x86  machines  employ:  an  address  has 
the  general  form 

segment:[base+index*scale+offset] 

The  ADDRESS  type  expects  the  machine  insertion  to  contain  values  for  ALL  these  fields.  The 
default  value  NIL  for  segment,  base,  and  index  may  be  selected  (however,  if  base  is  NIL,  so 
should  index  be).  Scale  MUST  always  be  specified  as  scale.l,  scale_2,  scale_4,  or  scale_8.  For 
16  bit  targets,  scale  1  is  the  only  legal  scale  choice.  The  offset  value  must  be  in  the  range  of 
-32768  ..  32767. 


F.9JL2  Referencing  Procedure  Parameters 

The  parameters  of  the  procedure  that  consists  of  machine  code  insertions  may  be 
referenced  by  the  machine  insertions  using  the  SYSTEM.ADDRESS  or  ADDRESS  formats 
explained  above.  However,  there  is  a  great  difference  in  the  way  in  which  they  may  be  specified; 
whether  the  procedure  is  specified  as  INLINE  or  not. 

INLINE  machine  insertions  can  deal  with  the  parameters  (and  other  visible  variables)  using  the 
SYSTEM.ADDRESS  form.  This  will  be  dealt  with  correctly  even  if  the  actual  values  are 
constants.  Using  the  ADDRESS  form  in  this  context  will  be  the  user's  responsibility  since  the 
user  obviously  attempts  to  address  using  register  values  obtained  via  other  machine  insertions.  It 
is  in  general  not  possible  to  load  the  address  of  a  parameter  because  an  'address’  is  a  two 
component  structure  (selector  and  offset),  and  the  only  instruction  to  load  an  immediate  address 
is  the  LEA,  which  will  only  give  the  offset  If  coding  requires  access  to  addresses  like  this,  one 
cannot  INLINE  expand  the  machine  insertions.  Care  should  be  taken  with  references  to  objects 
outside  the  current  block  since  the  code  generator  in  order  to  calculate  the  proper  frame  value 
(using  the  display  in  each  frame)  will  apply  extra  registers.  The  parameter  addresses  will, 
however,  be  calculated  at  the  entry  to  the  INLINE  expanded  routine  to  minimize  this  problem. 
INLINE  expanded  routines  should  NOT  employ  any  RET  instructions. 

Pure  procedure  machine  insertions  need  to  know  the  layout  of  the  parameters  presented  to,  in  this 
case,  the  called  procedure.  In  particular,  careful  knowledge  about  the  way  parameters  are  passed 
is  required  to  achieve  a  succesful  machine  procedure.  When  not  INLINE  a  block  is  created  around 
the  call  which  allows  addressing  of  parameters,  and  code  for  exiting  the  procedure  is  also 
automatic. 

The  user  takes  over  the  responsibility  for  correct  parameter  addressing.  The  rules  of  Ada 
procedure  calls  must  be  followed.  The  calling  conventions  are  summarized  below. 
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F.9.5J  Parameter  Transfer 

It  may  be  a  problem  to  figure  out  the  correct  number  of  words  which  the  parameters  take  up  on 
the  stack  (the  x  value).  The  following  is  a  short  description  of  the  transfer  method: 

INTEGER  types  take  up  at  least  1  storage  unit.  32  bit  integer  types  take  up  2  words,  and  64  bit 
integer  types  take  up  4  words.  In  32  bit  targets,  16  bit  integer  types  take  up  2  words  the  low 
word  being  the  value  and  the  high  word  being  an  alignment  word.  TASKs  are  transferred  as 
INTEGER. 

ENUMERATION  types  take  up  as  16  bit  INTEGER  types  (see  above). 

FLOAT  types  take  up  2  words  for  32  bit  floats  and  4  words  for  64  bit  floats. 

ACCESS  types  are  considered  scalar  values  and  consist  of  a  16  bit  segment  value  and  a  16  or 
32  bit  offset  value.  When  32  bit  offset  value,  the  segment  value  takes  up  2  words  the  high  word 
being  the  aligraent  word.  The  offset  wotd(s)  are  tire  lowest,  and  the  segment  word(s)  are  the 
highest. 

RECORD  types  are  always  transferred  by  address.  A  record  is  never  a  scalar  value  (so  no 
post-procedure  action  is  carried  out  when  the  record  parameter  is  OUT  or  IN  OUT).  The 
representation  is  as  for  ACCESS  types. 

ARRAY  values  are  transferred  as  one  or  two  ACCESS  values.  If  the  array  is  constrained,  only 
the  array  data  address  is  transferred  in  the  same  manner  as  an  ACCESS  value.  If  the  array  is 
unconstrained  below,  the  data  address  will  be  pushed  by  the  address  of  the  constraint.  In  this 
case,  the  two  ACCESS  values  will  NOT  have  any  alignment  words  in  32  bit  targets. 

Packed  ARRAY  values  (e.g.  STRING  types)  are  transferred  as  ARRAY  values  with  the  aOwiion 
of  an  INTEGER  bit  offset  as  the  highest  wotd(s): 

+H:  BIT.OFFSET 
+L:  DATA_ADDRESS 

+0:  CONSTRAINT. ADDRESS  -  may  be  missing 

The  values  L  and  H  depend  on  the  presence/absence  of  die  constraint  address  and  the  sizes  of 
constraint  and  data  addresses. 

In  the  two  latter  cases,  the  form  parameter’ address  will  always  yield  the  address  of  the  data.  If 
access  is  required  to  constraint  or  bit  offset,  the  instructions  must  use  the  ADDRESS  form. 


F.9.5.4  Example 

A  snail  example  is  shown  below  (16  bit  target): 

procedure  unsigned.add 

(opl  :  in  integer, 

op2  :  in  integer, 

res  :  out  integer); 
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Notice  that  machine  subprograms  cannot  be  functions. 
The  parameters  take  up: 


opl  :  integer  1  word 

op2  :  integer  1  word 

res  :  integer  1  word 


Total  3  words 


The  body  of  die  procedure  might  then  be  the  following  assuming  that  the  procedure  is 
defined  at  outermost  package  level: 


procadura  unalgnad_add 

(opl  ;  in  Into gar; 

op2  :  ia  lot agar; 

rai  out  latagar)  la 


bagln 

pragma  abstract_meoda_lnaartloni (trua)  ; 
aa_lnaer'  (aa_Craata_ilock,  3, 1, 0,0,0);  — 

aa~lnatr*  <aa_tnd_of“daclpart, 0, 0, 0, 0, 0)  ; 
pragma  abstract_acoda_lnaartlona (falaa) ; 


x 


3.  y 


l 


machlna_lnat ruction'  ( raglatar_ayacaa_addraaa , 

JU(7  opl'aSdraaa); 

machina_lna truer ion'  <  ragl»tar_»yatam_addraa* , 
~  AXT  op2‘  addraaa) ; 

machlna_lnatructlon'  (1— i» Data , 
machina~inat  ruction'  (l— Plata. 
m*china~lnat ruction'  (1— artlata, 
machlna~ina truer ion' (ayatam_addraai_ragiitar, 
‘  raa' addraaa,  JUC)  ; 


»_M0V, 

■JkDD. 

■  JMC,  1); 
a" nit.  S> ; 
a  labal.l); 
a  MOV, 


pragaa  abatract_acoda_inaartiona (trua) ; 
aa_lnatr'  (aa_Exlt_au5prgra,  0, 0, 0,  ail_arg,  ail_arg) (2) 
aa_lnatr‘ (aa_Sat_block_laval, 0, 0,0,0, 0) ;  “  —  y-1  -  0 

pragma  abstract_acoda_lnaartlona (falaa)  ; 
and  unalgnad_add; 


A  routine  of  this  complexity  is  a  candidate  for  INLINE  expansion.  In  this  case,  no  changes  to  the 
above  ’machine .instruction’  statements  are  required.  Please  notice  that  there  is  a  difference  between 
addressing  record  fields  when  the  routine  is  INLINE  and  when  it  is  not: 


type  rec  is 

record 

low 

:  integer. 

high 

end  record: 

:  integer. 

procedure  add_32  is 

(opl 

:  in  integer. 

op2 

:  in  integer 

res 

:  out  rec); 

The  parameters  take  up  1  +  I  +  2  words  *  4  words.  The  RES  parameter  will  be 
addressed  directly  when  INLINE  expanded,  ix.  it  is  possible  to  write: 
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machine  .instruction '  (system_address_register.  m_MOV, 

res 'address,  AX); 

This  would,  in  the  not  INLINED  version,  be  the  same  as  updating  that  place  on  the  stack  where 
the  address  of  RES  is  placed.  In  this  case,  the  insertion  must  read: 

machine  Jnstnjction’(register_system_address,  m_LES, 

SI,  res'address); 

-  LES  SIJBP+...J 

machine _instruction’(address_register,  m_MOV, 

ES,  SI.  nil,  scale.  1.  0,  AX); 

-  MOV  ES:[SI+01,AX 


As  may  be  seen,  great  care  must  be  taken  to  ensure  correct  machine  code  insertions.  A  help 
could  be  to  first  write  the  routine  in  Ada,  then  disassemble  to  see  the  involved  addressings,  and 
finally  write  the  machine  procedure  using  the  collected  knowledge. 

Please  notice  that  INLINED  machine  insertions  also  generate  code  for  the  procedure  itself.  This 
code  will  be  removed  when  the  -nocheck  option  is  applied  to  the  compilation.  Also  not 
INLINED  procedures  using  the  AA.INSTR  insertion,  which  is  explained  above,  will  automatically 
get  a  storage_check  call  (as  do  all  Ada  subprograms).  On  top  of  that.  8  bytes  are  set  aside  in  the 
created  frame,  which  may  freely  be  used  by  the  routine  as  temporary  space.  The  8  bytes  are 
located  just  below  the  display  vector  of  the  frame  (from  SP  and  up).  The  storage.check  call  will 
not  be  generated  when  the  compiler  is  invoked  with  -nocheck. 

The  user  also  has  the  option  NOT  to  create  any  Mocks  at  all,  but  then  he  should  be  certain  that 
the  return  from  the  routine  is  made  in  the  proper  way  (use  the  RETP  instruction  (return  and  pop) 
or  the  RET).  Again  it  will  help  first  to  do  an  Ada  version  and  see  what  the  compiler  expects  to 
be  done. 

Symbolic  fixups  are  possible  in  certain  instructions.  With  these  you  may  build  ’symbolic’ 
instructions  byte  for  byte.  The  instructions  involved  all  require  the  operand  type  NAME  (like  used 
with  CALL),  and  the  interpretation  is  the  following: 

(name,  mJDATAD,  "MYNAME")  a  foil  virtual  address  (offset  and  selector)  of  the 

symbol  MYNAME  (no  additional  offset  is  possible). 

(name,  m.DATAW,  "MYNAME")  the  offset  part  of  the  symbol  MYNAME  (no  additional 

offset  is  possible). 

(name,  m.DATAB,  "MYNAME")  the  selector  value  of  symbol  MYNAME 

In  inlined  machine  instructions  it  may  be  a  problem  to  obtain  the  address  of  a  parameter  (rather 
than  the  value).  The  LEA  instruction  may  be  used  to  get  the  offset  part,  but  now  the  following 
form  allows  a  way  to  load  a  selector  value  as  well: 

(system.address,  LES,  param’address)  ES  is  loaded  with  the  selector  of  PARAM.  If  this 

selector  was  e.g.  SS,  it  would  be  pushed  and  popped 
into  ES.  LES  may  be  substituted  for  UFS  and  LGS 
for  80386. 
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F.10  Packafe  Tasktypes 

The  TaskTypes  packages  defines  the  TaskControlBlock  type.  This  data  structure  could  be  useful 
in  debugging  a  tasking  program.  The  following  package  Tasktypes  is  for  all  DACS-80x86  except 
for  DACS-80386PM/DACS-80486PM. 

with  Systaa; 
piekigt  TaskTypes  i* 

subtype  OftMt  Is  Syst am.  OnslgnedMord ; 
subtype  Slockld  is  System.  OnslgsedMerd; 

type  TasUntry 
typ*  Entry Index 

typ*  Alteraatlveld 
typ*  Ticks 
typ*  tool 
lor  Bool' sis* 

typ*  (Tints 

typ*  TaskState  is  (Xaltlsl, 

--  The  task  is  created,  but  activation 
--  has  not  started  y*t. 

Engaged, 

—  Th*  task  has  callad  an  entry,  and  th* 

—  call  la  no*  accepted,  1*.  th*  rendezvous 

—  is  In  progress . 

Running. 

—  Co  van  all  other  states. 

Delayed. 

—  Th*  task  awaits  a  timeout  to  asplr*. 

EntryCalllngTlmed, 

—  Th*  task  has  callad  an  entry  which 
~  is  not  y*t  accepted. 

EntryCalllngOncondltlonal, 

—  The  task  has  called  an  entry  unconditionally, 

—  which  is  not  yet  accepted. 

Select Inclined. 

—  The  task  is  waiting  in  a  select  statement 

—  with  an  open  delay  alternative. 

Select lngOncondltlonal , 

—  The  task  waits  in  a  select  statement 

—  entirely  with  accept  statements. 

Select ingTermlnable, 

—  The  task  waits  In  a  select  stateawnt 

—  with  an  open  terminate  alternative. 

Accepting, 

—  The  task  waits  In  an  accept  statsaent. 

Synchronizing, 

—  Th*  task  waits  in  an  accept  statesant 

—  with  no  statesant  list. 

Completed, 

--  The  task  has  eoepleted  the  execution  of 
--  its  statsaent  list,  bat  net  ell  dependent 

—  tasks  are  terminated. 

Terminated  ); 

—  Th*  task  and  all  Its  descendants 
--  are  terminated. 


Is  sew  System. 0ns IgsodMord; 
Is  new  System. OnslgnedMord; 
Is  sew  system. Onslgnetftord; 
is  earn  Systaa. ONsrd; 

Is  new  Boolean; 
use  S: 

Is  new  Systaa. OnslgnedMord; 
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tec  TeahStata  uaa  (Initial  ■>  1(400*  , 

Engaged  «»  1I40B4  , 

Running  ->  1(4104  , 

Delayed  ->  l(*l«4  , 

EntryCalllngTlmad  *>  1(4204  , 
EntryCalllngOncondltlonal  ->  1(4234  , 
Salact IngTlamd  ->  1(431*  , 
SelectingOnconditlonal  “>  1(4394  , 
SalaeclngTaralnabla  ->  1(4414  , 
Accepting  •>  K44A4  , 

Synchronizing  ->  1(453*  , 

Ccapleted  »  K43C*  , 

Terminated  «>  1(4(44); 

for  TaakStata' alia  uaa  I; 

eypa  TaakTypaOaaerlptor  la 
raeord 

priority  :  System.  4 rlorlty; 

entry  count  :  OXntg; 

bloek~ld  :  llockld; 

firat~owe_addresa  :  System. Address; 

oodule_number  ;  OXntg; 

entryjnuaber  :  Olntg; 

eodejaddrasa  :  System. Address, ■ 

staek_alxe  :  System. DMord; 

duemy-  :  Integer; 

stack_aeqmant_alsa:  OXntg; 
and  reeord; 

typa  AecTaskTypeOeacrlptor  la  accaaa  TaakTypaOaaerlptor; 

type  NVXSaveArea  la  array(1..4a>  of  Syataai.OnalgnadMord; 

typa  riagaTypa  la 
record 

M»xr lag  ;  Bool; 

Xntarruptflag  ;  Bool; 

and  record; 

pragma  pack ( riagaTypa ) ; 

typa  States Type  la 
record 

state  :  TaakStata; 

la_abnoraal  :  Bool; 

la^actlvated  :  Bool; 

faTlura  :  Bool; 

and  record; 

pragma  peck(Stataalype) ; 

typa  ACT_type  la 
record 

bp  :  Offset; 

addr  :  system. Address; 

and  racord; 

pragma  peck (ACT_type) ; 
pragma  page; 

typa  TaakCoetrolllock  la 
record 

aam  :  By a torn. semaphore? 

laMonltor  ;  integer; 

—  Delay  queue  handling 

dnext  :  Syatam.Taakvalua  ; 

dp rev  :  Syatam.Taakvalua  ; 

ddalay  ;  Ticks  ; 

—  Saved  registers 

S3  :  System. OnalgnedMord  ; 
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n  :  0({IM  ; 

RMdy  qiMu*  handling 

next  :  System. TaskValue  ; 

aensphoro  handling 

■««uc  :  syscem.TaskVelue  ; 

Priority  fields 

priority  :  sy» too. Priority; 

saved_prlority  ;  system. Priority; 

Mlscelleanous  fields 

tlao  slice  :  System. OnsignedNord; 

flag*  :  riagsType; 

AeedyCount  :  systme.eord; 

Stack  Spoclflcation 

stack_atart  :  Of fact ; 

stack- end  ;  Offset; 

State  fields 

states  :  States'*  ype; 

Activation  handling  fields 

activator  :  System. TaskValue ; 

act_ehain  :  System.TaskValue; 

next_ehaln  :  System. TaskValue; 

no_not_act  ;  system. Nord; 

act_bloek  :  llockld; 

Accept  queue  fields 

partner  :  System.TaskValue; 

next_partner  :  System. TaskValue ; 

-  entry  queue  fields 

next_caller  :  system. TaskValue; 

•  Rendezvous  fields 

called_task  :  System.TaskValue; 

isAsynclT  :  integer; 

task  entry  ;  TaskCntry; 

entry_index  :  EntryXndex; 

entry- assoc  :  System. Address; 

cal  l_pa  rams  ;  system. Address ; 

alt  Id  :  AlternatlveXd; 

excp_id  :  system. txceptlonld; 

-  Dependency  fields 

parent_task  :  System. TaskValue; 

parent-block  :  SloekXd; 

child  task  :  system. TaskValue; 

nest  child  :  System. TaskValue; 

first  child  :  System.TaskValue; 

prev  child  :  System.TaskValue; 

chill  act  :  system. Nerd; 

block_act  :  System. Nerd; 

termlMted_task:  System.TaskValue; 

—  Abortion  handling  fields 

busy  :  System. Nord; 
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—  Auxiliary  flolda 

ted  :  AccTMkTypoOoacrlptor; 

Flratctllor  :  Syxtoa.TMkVoluo; 

—  Run-Tlao  Syaeaa  fialda 

ACT  :  ACT_typa;  —  cf.  Oaar'a  guldo  9.4.2 

aorirsc  :  intogor;  —  Only  unod  in  RMS 

Satflrae  :  In t agar;  —  Only  uaad  In  RMS 

TBloekingTaak  :  Syataa . TaakValua;  --  Only  uaad  In  RMS 

tllocklngTaak  :  Syataa. TaakValua;  —  Only  uaad  in  RMS 

collaeclon  :  SyaCaa.Addraaa; 

partition  :  Intogor; 

Taa kChackiiai t  :  off ant;  -  to  aaaura  inllna  atoraga  chock 

Laatkxc option  :  Syataa.tWord;  —  2  *  14  bita 

SavadAdaAddr  :  Of  fa  at;  —  to  i«provo  raadasvoua'a 

—  MPX  aavo  araa 

—  Whan  tha  application  la  linked  with  -npw.  a  apocial 

—  aava  area  for  tha  MPX  la  allocated  at  tha  vary  and 

—  of  ovary  TCB. 

--  la: 

—  eaaa  MPX  Praaant  la 

whan  TROK  ->  MPXaava  :  NPXSavoAraa; 

—  whan  FALSE  «>  null; 

—  and  eaaa; 

and  record; 

—  Tha  following  la  to  aaaura  that  tha  TCB  has  tha  axpactad  also: 

TCB_alxo  :  constant  umsER  :*  TaakControlBloek'  alxa  /  •; 

subtype  TCB_ok_value  la  INTEGER  range  13<  . .  13C; 

TCB_ok  constant  TCB_ok_valuo  :•  TaakControlBloek' also  /  B; 

and  TaakTypaa; 


F.ll  RMS  Tasking  (OPTIONAL) 

The  DACS-80x86  systems  may  run  tasking  applications  by  means  of  Rate  Mononoic  Scheduling 
(RMS).  RMS  capability  is  purchased  optionally,  and  is  thus  not  included  by  default.  Please  contact 
DDC-I  for  more  information  regarding  RMS  and  your  system.  RMS  allows  the  programmer  to 
guarantee  properties  of  a  tasking  system,  Le.  that  tasks  will  meet  their  hard  deadlines.  The  RMS 
tasking  is  selected  by  specifying  -rms  to  the  Ada  link  command. 


